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MONOZYGOTIC TRIPLETS IN ! 


CLARKE,* Departinent of Field Crops 


ALFRED E. 





MAN 


and 


DANIEL G. REVELL. 


WO types of human twins occur. 

In one type, called fraternal 
twins, each individual has de- 
veloped from a different zygote or fer- 
tilized egg. Such a pair of twins do 
not resemble each other more closely 
than brothers and sisters usually do, 
and they may or may not be of the 
same sex. In the other type, known as 
identical twins, both individuals have 
developed from a single fertilized egg 
and are consequentiy always of the 
same Sex. 

As identical twins originate 
the same zygote and therefore possess 
the same hereditary endowment, they 
are of great interest to the geneticist. 
Monozygotic twins are fairly common 
but the occurrence of identical triplets 
in human beings is very rare. Two 
sets of triplets of this type are the 
inaterial of the following study. 


The Miller Tripletsy 

Albert, Edward and George ( Frontis- 
piece) were born on January 8, 1920. 
The physician who attended at the birth 
of the triplets was Dr. R. M. Oatway. 
of Stony Plain. He states that there 
was but one placenta, to which the three 
umbilical cords were symmetrically at- 
tached. They are the youngest in a 
family of fourteen children, of whom 
ten boys and two of the three girls as 
well as the parents are still living. 
There are no twins in the ‘family, but 
there is a pair of twin cousins, on the 
mother’s side, who are said to be so 
much alike that they are in all prob- 
ability identical. The Miller family is 
of German origin= and all its members 


from 


are highly respected in Stony Plain, 
Alberta, the town in which they live, 
which is about 20 miles west of Ed- 


monton. 


. *The authors wish to thank Mr. W. H. 


of Alberta for help with the psychological tests ; 


Department of 


Swift and Mr. S. 


Anatomy, University of Alberta 


Physical Characters 
The three boys were so much alike 
as babies that it was found necessary 
to pin different colored ribbons on their 
dresses. later, each wore a gold brace- 
let with his name inscribed upon. it. 


The other members of the family, how- 
ever, now readily distinguish them 
from one another. ‘Their teacher states 
that for some time after they started 
school she was unable to tell them 
apart. 

At nine years of age, when this 


study was made, the bovs were of prac- 


tically the same height, Albert being 
+ ft. 5% 1n.,, Edward 4 ft. 5 in., and 
George 4+ ft. 53g in. At birth each 


weighed within an ounce of five pounds. 
On November 8, 1928, Albert and 
Edward each weighed 65 pounds and 
George weighed 64% pounds. They 
wear the same sized ‘caps, shoes and 
other clothing. 

Hair-direction proves of great value 
in the comparison of the Millers. The 
triplets are very strikingly grouped to- 
gether and as clearly separated from 
the others of the family by the hair 
streams. <All three have a_ clockwise 
whorl or vortex on the neck about 1% 
in. below and 1% in. behind the lobe 
of the right ear. No other member ot 
the family has this whorl. John anc 
Otto, two older brothers, have loops 
in its place. 

On the left side of the neck the 
triplets also agree and are unique. 
Llere the hair stream flows downward 
and forward behind the ear and then 
turns backward across the nape. Here 
too the others differ from the triplets: 
William and Otto have loops, Walter 
has an anticlockwise whorl, and the 
others have lorward s “tres uning. 





K. Jaffary of the University 
and Mr. H. 8. Reynolds, of the Edmonton 


Police Identification Bureau, for assistance in interpreting the finger prints. 


+A brief account of a partial study has 
tAs Mr. Miller’s grandfather moved from 
taken for Austrian. 


been published by Gates.= 


Germany to Austria the family has been mis- 
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On the upper part of the forehead 
the triplets have ‘“‘cowlicks” or hair 
reversal on the right side, as has also 
the father. Here, however, George 
presents a difference, having a clock- 
wise whorl in the “‘cowlick.” The 
others have only parting (natural) on 
one side of the forehead or have re- 
versal on the left side. 

Throughout the family the vertex 
whorl in the scalp hair is clockwise. 

The color of the hair and the color 
of the eyes do not vary enough 
throughout the family to be of value 
in grouping the children. The triplets 
are quite alike in eye color and in hair 
color. Their older brothers have dark- 
er eves and darker hair. Anna, a sis- 
ter, and her father have blue eves. The 
boys and their mother have yellow 
added to the blue. 


The triplets have very similar sets 


of teeth, all quite regular and well 
spaced. No tooth peculiarities were 


found in any of the family. 

In shape and size the triplets’ ears 
match closely. The width-length per- 
centage is about 77. The free margin 
of the helix, however, is variable, pre- 
senting broad, shallow notches between 
points that vary in position and _ size. 
Among these latter each ear presents 


one that answers fairly well the de- 


Table I—Finger Print Patterns of Miller Triplets 


U=ulnar loop. R=radial lo p. 
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scription of Darwin's tubercle!. This 
is most pronounced in Albert’s right,” 
next in George's right, and definite 


though small in the other four ears. 
In the posterior upper part of George's 
left ear there is a T-shaped wrinkling 
of the cartilage. It is congenital but 
has the appearance of being acquired 
and due to accidental folding of the 
foetal ear. 


Friction Skin Characters 


The finger prints of the three boys 
are of the same general pattern, al- 
though differing in the more minute 
details. The classification of the pat- 
terns” is given in Table I. 

The digital patterns of all their fin- 
gers are loops, the only difference be- 
ing that three index fingers have each 
an ulnar loop and three have radial. 
In this particular Edward’s left hand 
is like Albert's while his right is like 
George's. 

The palm patterns are likewise close- 
ly similar. The palm pattern formulae” 
are shown in Table II. 

It appears that George’s left hand 
has the same formula as Edward’s left 
while that for his right hand is the 
same as for Albert's right. It will also 
be noticed that the left hand of each 
individual: is more like the left hands 


Riaht hand 
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*The resemblances are even closer than the 
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of his brothers than it is like his own 
right hand, and there is a similar cross- 
resemblance when the right hands are 
compared. This is in keeping with 
Newman’s views”® that in all unequi- 
vocal cases of identical twins there is 


stronger cross-resemblance between 
twins than resemblance between the 
two sides of the same twin. Komai?* 


has also noted cross-resemblance in 
twins. 

Finger and palm prints of six broth- 
ers, a sister and the two parents have 
been obtained. The father is the only 
other member of the family studied 
who, like the triplets, has only loop 
patterns in all of his fingers. All of 
the others have one or more whorl pat- 
terns; tented arches also occur; and 
the whorl patterns are of several dif- 
ferent types, thus a great variety of 
forms is found. The friction skin pat- 
terns of the hands group the triplets 
quite definitely together and apart from 
the others. No similar grouping oc- 
curs among the others. 


Palm creases or flexures are not as 
permanent as the papillary ridges, and 
especially the minor ones change with 
age. But the larger ones are definite 
and easily defined marks ‘for personal 
identification. In the Miller palm prints 
two of these creases have been selected? 
for comparison. These are the prox- 
imal transverse and the radial lon- 
eitudinal, which converge on the radial 
border of the palm near which they 
either fuse into one (fF) or continue 
separate (S). Branches from _ either 
commonly pass obliquely across to the 
other. The tabulation (Table III) 
shows that the relationship between 
these two lines is the same for both 
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hands in all the Mullers except two 
triplets. The father has fused lines, 
the mother separate lines, and in this 
family each single child follows one 
parent (Table IIT). 

Footprints of the triplets and one 
brother were obtained. The formula” 
is W.5, for all the eight feet except 
Edward’s left where it is W.18. Nev- 
ertheless inspection of the actual pat- 
terns shows much more agreement 
among those of the three triplets than 
between these and Louis. In agree- 
ment with the findings of Newman?-® 
and Komai** regarding cross-resem- 
blance of patterns of identical twins, 
the right foot patterns of the triplets 
are more alike than any one of these is 
like the left of the same boy. 


Physiological Characters 


While George has been less robust 
than his two brothers and is subject to 
headaches, yet all three boys are quite 
active and healthy. The three boys 
had measles with simultaneous onsets 
and of about equal severity. Mdward 
has also had diphtheria but the other 
two have not. 

Albert is right-handed, but Edward 
and George are left-handed. If hand- 
edness is a criterion of interrelation- 
ship of twins it may be of even greater 
value in the case of triplets. 

Each of the boys enuniciates words 
poorly. This speech defect, however, 
is not sufficiently serious to prevent 
their being readily understood in either 
German or English. Their enunciation 
is thought to be improving. 


Psychological Characters 


In tastes the three are apparently 
very similar. They enjoy the same 





TABLE Il!—Palm Creases—Radial Longitudinal Crease Fused with (F) or Separate from (S) 
Proximal-Transverse Crease 
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monczygotic. 


ANOTHER SET OF TRIPLETS 
Figure 1 
are sufficiently like one another to render it highly probable that 
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eames and sports. In their school 
work all three make their best showing 
in arithmetic and their poorest in lang- 
uage work. It is difficult, of course, 
to estimate to what extent this simil- 
arity is the result of inherent traits 
and to what extent it 1s owing to en- 
vironment and training. 

The Muller triplets are particularly 
fond of one another, in this respect 
resembling most pairs of identical 
twins. hey are all quite popular with 
other children of the same age. ‘Their 
teacher states that when one of the 
hoys is kept in after school the other 
two always wait for him, and that it 1s 
always Albert who informs her when 
George is suffering from a headache. 
The triplets insist on being dressed 
exactly alike, but in this they may be 
motivated in part by a desire to attract 
attention. 

The handwriting of the three young- 
sters is quite similar but they were 
taught it together at school. In an 
association test in which responses are 
given to certain kev words the triplets 
showed a greater degree of similarity 
in their answers than did other chil- 
dren of the same age used as controls. 
This may be owing to similarity of 
environment. 

According to their teacher, Albert 
and Edward learn more readily than 
George, but the Binet-Simon_ Intelli- 
sence Test (Stanford Revision), ‘failed 
to show any appreciable differences in 


TABLE IV—-Haggerty 


E-xercise 


2—Carrying out certain directions 
4—Copying designs 

6—Picture completion 

8—Picture comparison 
10—Symbol digit ...... 

12—Word comparison 


Mental Age 


——— 
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intelligence among the three boys. 


Their mental ages were found to be 
slightly over seven years when the test 
Was given in October, 1928, when they 
were 834 years old. However, this age 
rating is not entirely fair to them for 
they were under a considerable handi- 
cap because German is spoken in the 
home. This is clearly shown by the 
low score they made on language tests 
involving vocabulary. Many of. their 
responses during the Binet-Simon test 
were surprisingly similar, although a 
number of differences occurred.  <Al- 
bert made the poorest showing on the 
vocabulary tests and other tests involv- 
ing language, such as giving differences 
and similarities between words, but 
this was counterbalanced by his ability 
to perform certain tests which the oth- 
ers could not. 

In February, 1929, the Haggerty In- 


telleence I¢xamination, Delta 1, was 
given them. The results are shown in 
Table IV. 


In this test George, who makes the 
poorest showing in his school work, has 
obtained the highest score. Too much 
importance, however, should not be at- 
tached to this score as this test is given 
as a group test and is not as accurate 
as the Binet-Simon Intelligence Test. 
The mental age for each of the three 
boys is considerably higher than that 
obtained in the Binet-Simon, confirm- 
ing the view that language difficulties 
were largely responsible for the low 


Intelligence Test, Delta I 
Score 
Obtained 
\aximiuin Albert Edward George 
10 6 7 5 
10 6 ( 8 
16 Q Q 9 
10 7 3 7 
48 4] 4() 44 
25 0 0 4 
119 69 05 77 
Ss yr. 8 yr. Y yr 
7 mo. 1 mo. 7 mo. 
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rating on the latter test. In exercise 
12, involving vocabulary, each of the 
boys made his lowest score. 

Tests were given which, it was 
thought, presented new situations and 


which would therefore test the innate 
ability to solve certain problems, with- 
out the result being greatly affected by 
previous environment and _ training. 
These tests included a substitution test 
in which certain numbers must be in- 
serted in different figures to correspond 
with a given key. Several form-board 
tests, in which blocks must be correctly 
fitted into a frame, and Porteus’ maze 
tests (Vineland revision) for several 
different ages were also. presented. 
These and other tests indicate that al- 
though there is considerable difference 
in certain individual performances, the 
hoys are very much alike, on the whole, 
in their ability to solve problems of the 
types presented. 

THE TULLY TRIPLETS 
James, Robert and William (Fig. 
were born on March 19, 1928, and the 
present study was made when _ they 
were about seventeen months old. They 
have a sister, Gladvs, who was born 
on April 6, 1921. There have been no 
other births. The parents are [nglish. 
The family live in Edmonton, Alberta. 

The attending physician was Dr. 
Paul A. McDonald. He = states that 
birth occurred at term and that the 
labor was quite normal. At Dr. Me- 
Donald’s request the after-birth was 
brought by a medical student, Mr. C. 
sege, to the Department of Pathology 
of the University of Alberta. It is 
shown in Fig. 3. 

Physical Characters 

These triplets resemble one another 
very closely but they are readily iden- 
tified by their parents and sister. All 
four children have dimpled chins, and 
dimples in their cheeks when they 
smile. 

At birth Robert weighed 4 lb. 7 o2z., 
James, 4 lb. 10 0z., and William, 5 Ib. 
4 oz. Robert is now the heaviest and 
James the lightest. Almost from birth 
they have been bottle fed. 
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In head measurements these triplets 


agree closely, the sister and parents 
differ, as shown in Table V. 


The three boys have fair hair of the 
same color. Their eyelashes are black. 
Their sister’s hair is rather darker now, 
but it was the same shade when she 
was their age. Robert has the most 
hair and James the least, but the dif- 
ference is slight. 

All four children have clockwise ver- 
tex whorls and left side forehead 
parting. 


All three triplets have the same skin 
color and skin texture and no moles. 
Jim thas a birthmark (naevus) on the: 
lateral side of the right thigh. : 


The mother has blue eyes with a thin 
layer of brown in the inner half of the 
iris. In this brown zone there are four 
small brown spots in the right eye, and 
one in the left. The father has a dark 
blue iris, heavily overlaid with brown, 
especially in the inner zone. The boys 
have eyes quite alike and dark like 
their father’s. Gladys too has dark 
eves but not so dark as her brothers’. 


The family does not present any 
marked peculiarities of the ears, nor do 
the individuals. The helix is wide in 
both ears of the mother and in Wil- 
liam’s and Robert’s left, and narrow in 
all the other ears, viz., both ears of the 
father, Gladys and James, and the 
right ears of William and Robert. 

The three boys have normal denti- 
tion, and all their teeth are well placed. 
Gladys too has good and regular teeth. 

All four sibs have “double jointed” 
thumbs, this feature is most marked in 
Gladys, and more so in the boys’ left 
than in their right thumbs. 





TABLE V—Head Measurements of Tully Family 
Head Head Cephalic 
width length index 

James 12.7 15.2 84.2 

Robert 12.9 15.4 83.8 

William 13.0 15.4 84.4 

Gladys 14.0 17.5 80.0 

Mother 14.8 17.9 82.7 

Father 16.4 17.9 91.6 


wt 


L. | 4 
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Friction Skin Characters 

The classification® of the finger print 
patterns of all the members of the 
family is given in Table VI. 

There is here seen complete agree- 
ment among the Tully triplets, the sig- 
nificance of which is emphasized by the 
difference which Gladys presents in the 
nght thumb and in both index fingers. 
Cross -resemblance in the boys is 
masked by the circumstance that all 
six hands have the one formula. This 
formula is found elsewhere in the fam- 
ily only in the father’s right hand. 

The palm patterns (Table VII) 
group the triplets quite definitely to- 
gether and apart from their sister. As 
in the Miller triplets, the left hand of 
each boy resembles the left hand of 
his brothers more closely than it does 
his own right hand, and a similar cross- 
resemblance is found when the right 
hands are compared. 

The radial longitudinal and the prox- 
imal transverse crease fuse in the hands 
of all members of this family. 

The sole pattern of each foot of each 
triplet has the formula A5dd.° Their 








TABLE VIiIl—Palm Patterns of Tully Family 
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Left hand Right hand 
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sister has a quite different formula. 

Unquestionably in papillary ridge 
patterns of fingers, palms and soles the 
Tully triplets resemble one another 
more closely than they do their sister. 
They are grouped together, the sister 
is placed apart, by the friction skin 
characters. 


Physiological Characters 


These three children are healthy and 
have not yet had any illness except a 
digestive upset (diarrhoea) when six 
months old. 

The successive eruption of the vari- 
ous teeth has occurred simultaneously 
in the three boys. 

The mother states that she can tell 
their voices apart. She recognizes 
Robert’s voice without any difficulty, 
but not so readily those of the other 
two. All three boys are learning to 
talk at about thé same time. Each can 
say “mamma,” “papa” and ‘“Ga-Ga’”’ 
(Gladys ). 

They are all left-handed though they 
readily use the right hand to roll a ball 
on the floor. The mother, naturally 
left-handed, has become ambidextrous 
by training the right hand. The father 
is strongly right-handed. Gladys is 
left-handed. 

They are backward about walking. 
At 1% months William and James move 
along the floor in nearly similar fash- 
ion, sitting and hitching or drawing 
themselves along with their hands; 
James keeps one foot forward and one 
back; William keeps both ‘feet back ; 





TABLE VI—Finger Print Patterns of Tully Family 








James) .............. 8.6.5.4.C/4 9.7.5.4.C/12 
Robert ............ 8.6.5.4.C/12 9.7.5.4.C/12 
William  .......... 8.6.5.4.C/4 9.7.5.4.C/4 
Gladys ............ 1.5.9.3/ . 9.9.5.5.C/18 
Mother ............ 7.5.5.3.C/28 7.5.5.5.C/28 
Father ............ 7.5.5.3.C/28 Sonera 
Left hand 
a 2 3 4 
James .............. U R U U 
Robert ............ U R U U 
William ........ U R U U 
Gladys .......... »- U U U 
Mother .......... U A A U 
Father ...... W R W W 


Right hand 








5 ] 2 3 4 5 
U U R U U U 
U U R U U U 
U U R U U U 
U W A U U U 
U A A U U U 
wer U R U U U 





U=Ulnar loop. 
R=Radial loop. 
A=Arch. 


W=Whorl. 


WCP—Whorl central po 





cket type 
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PLACENTA OF THE TULLY TRIPLETS 


Figure 1 
Preserved in 10% formalin. There is but one choricn and the placenta is single. It 1s 
broadly heart-shaped. All three cords are attached marginally and symmetrically. This is 
very strong evidence that the triplets are identical. Photograph reduced to 2/5 natural size. 


Robert rests on his knees or on his 
stomach and pulls himself along with 
his hands. Later, the mother states 
that all three move around as James 
did a month ago. 

More detailed studies of the physical 
characters, including friction skin pat- 
terns, and psychological traits are to 
be published later. 

Summary 

1. Two sets of triplets and their 
families have been studied from = sev- 
eral angles with a view to ascertaining 
the genetic inter-relationship of the 
triplets. 

2. Each set of triplets had a com- 
mon. placenta. 


3. Close similarity was found in 
such physical characters as height, 
weight and hair and eye characters. 
In the Miller triplets the hair streams 
served to differentiate them from the 
other members of the family. 

4. The friction skin patterns of the 
triplets group them quite definitely to- 
evether and apart from their sibs. 

5. Cross-resemblance was found in 
friction skin patterns of the triplets. 

6. Inthe Miller triplets one is right 
handed while the other two are left- 
handed. In the Tully triplets all are 
left-handed, but so are their mother 
and the sister. 

*. The three Miller boys exhibit 
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a similar defect in speech. 

8. In the Muller triplets many sim- 
ilarities in tastes were noted and psy- 
chological tests indicated that the three 
boys are very similar in mental ability. 

9. The findings appear to constitute 
conclusive proof that both these sets 
of triplets are monozygotic. 
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A— THE JARVIS MUTANT DATE PALM 

by Figure 4 
.* The Jarvis Deglet Noor date palm showing on the left of the man’s helmet a divided 
‘ ; bunch, the left half normal Deglet Noor, nearly all ripe and picked, and the right half still 
_ unripe mutated dates. A full bunch of normal Deglet Noor dates (twisted out of its proper 

place on the trunk of the palm) is shown to the right of the man, while higher up and next on 

ary the right is a full bunch of the mutated dates. Photographed October 22, 1928, by the author. 
‘ew 
ral N 1921 Mr. E. L. Jarvis planted a east side of the tree differed in size 
eX - good sized young Deglet Noor date and color from the normal Deglet Noor 
ac palm from the C. I. Cook Nursery fruit of the rest of the palm. This 
> fit at Yuma, Arizona in his date garden led to the discovery that the leaves on 





about six miles south of Indio, River- 
side County, California. In 1928 when 
the first considerable crop of fruit was 
set, Mr. Jarvis observed that fruit of 


the three bunches borne on the south- 
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this side of the palm were also different 
from normal Deglet Noor leaves. 
These facts were reported to the 
writer by Mr. Jarvis with an _ invita- 
tion to examine the tree and to make 
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any use of the fruit or leaves that 
was desired. Several visits were made 
to the garden in the autumn of 1928 
and careful notes taken of the con- 
ditions found. The most outstanding 
difference was in the character of the 
fruit. Three bunches of dates were in 
position, with smaller and later matur- 
ing fruit than the normal Deglet Noor 
fruit on the other side of the tree. 
A fourth bunch to the left of these 
(as seen by an observer facing the 
tree) was divided in character, about 
two-thirds of the bunch on the left 
hand side being of the normal Deglet 
Noor type; the right hand third of 
the bunch was of the same character as 
the other abnormal bunches. (Figure 5.) 

The more scattered fruit on the nor- 
mal side of the bunch is due to the 
fact that many of these normal Deglet 
Noor dates had ripened and had been 
gathered or had fallen off while the 
mutated fruit, being considerably later 
in maturing, was. mostly still in the 
khalal stage or first stage of maturity 
and had not been picked or fallen off. 

This differentiation was carried to 
one of the strands or _ fruit-bearing 
branches of the fruit cluster, which 
bore normal Deglet Noor fruit on one 
side, and abnormal fruit on the other. 
(Figure 6.) The division was made 
still more evident by a striped colora- 
tion of the fruiting stalk which was 
close to “Primuline Yellow” (Ridg- 
ways Plate 16)* on the normal side, 
but with a clean-cut stripe of about 
one-third of its breadth on the mutated 
side near “Pale Orange Yellow” (Ridg- 
way Plate 3). The leaf subtending 
this mixed bunch of fruit was also 
divided, with normal spines and pinnae 
on the left and with those of the 
mutated form on the right which clearly 
points to this region of the trunk as 
lying on the left hand margin of the 
mutated strip partly in normal and 
partly in mutated territory. 

This mixed bunch of fruit is shown 
at the left in a general view of the 
tree (Figure 4), while to the right, 


“Ridgeway.” 








* All colors referred to are from Ridgeway.” Hereafter this work will be referred to as 





A DIVIDED DATE BUNCH 
Figure 5 
Two-thirds of the bunch on the left are 
normal Deglet Noor dates (mostly ripe and 
picked). The remaining third, are of the 
mutant type and are still immature. Photo- 
eraphed October 20, 1928, by Dewey Moore. 
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A DIVIDED STRAND 
Figure 6 


A single strand of dates from the Jarvis 
palm bearing normal Deglet Noor dates on 
the left (many of them ripe and harvested) 
and the shorter, plumper, and later dates of 
the mutated sector of the palm on the right. 
Photographed October 20, 1928, by Dewey 
Moore. 


the man’s helmet 
full bunch of the 
mutated fruit, in which the = smaller 
and more rounded form of the dates 
as well as the shorter and more com- 
pact character of the bunch are well 
brought out. 

As it was thought desirable that 
more than one year’s behavior of this 
tree should be observed before draw- 
ing any conclusions, the fruiting of 
1929 was awaited with much interest. 
Notes on the character of the leaves 
of the mutated area for 1928 combined 
with 1929 gave a more precise indi- 


cation of its mutated area than the 


and a little above 


may be seen a 
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fruit bunches could do. One of the 
most conclusive proofs that in _ this 


mutation we have a new variety, dis- 
tinct from the Deglet Noor parent, lies 
in the distinct foliage characters of 
this strip. In 1928 so many _ leaves 
had been pruned off below that the 
older portion of the area could not 
be delimited with certainty but the 
new leaves formed during 1929  per- 


mitted a much closer study. Counting 
toward the right on the level from 


the divided leaf subtending the divided 
bunch, we had—leaf 1—with — short 
spines on the right; leaves 2, 3 and 4 
with short spines on both sides of the 
rachis; and leaf 5 with short spines 
on the left, normal on the right. Con- 
tinuing around the tree, eight wholly 
normal leaves completed the series of 
thirteen high spirals that can usually 
be traced in the leaf arrangement of the 
date palm. What proportion of a di- 
vided leaf belongs to the mutation can- 
not be easily seen as there is no differ- 
ence in color of the two parts of the 
rachis to mark the limit, but from the 
sharp color line on the stalk of the 
divided fruit bunch above leaf 1 we 
are left to infer that about one-third 
of its subtending leaf would also belong 
to the mutated side. With the maturing 
of the 1929 crop three bunches of fruit 
of wholly mutated character were noted, 
with a fourth bunch at the right with 
about a third of normal Deglet Noor 
dates on the right side and two-thirds 
of mutated dates on the left, and again 
a divided strand and sharp division of 
stalk or main axis of the bunch into 
two colors. Again, also, the subtending 
leaf was divided, but with normal 
spines on the right and mutated spines 
on the left. This occurrence would 
seem to pretty clearly define the bound- 
ary of the mutation on the right side. 
With the production of about 20 new 
leaves during the year, and the con- 
tinuation of the mutated characters in 
similar proportion, it became evident 
that the mutation did not follow the 
leaf spirals but occupied a_ definite 
vertical strip on the side of the trunk, 
an acuminate sector following the taper 
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of the “cone of growth” and apparently 
terminating at the growing point of 
the giant terminal bud of the palm, also 
called the phyllophore.” 

This sector, as closely as can be 
measured on the trunk, with the old 
leaf bases intact, occupies about thirty- 
six and one-third per cent, a trifle more 
than a third of the circumference.* 


Description of Mutated Leaves 
and Fruit 


The spine areas of three typical mutated 
leaves studied were, respectively, 36.84% 
37%, and 37% of the total blade length. 
The mean of ten Deglet Noor leaves studied 
at the U. S. Experiment Date Garden, 
Indio, Calif., was 37% of spine area; thus 
we find one important varietal character of 
the Deglet Noor parent followed in the 
mutation; while the characters of the mutated 
spines themselves differ from the parent 
variety in a very marked way, both in size 
and in the angles at which they are attached 
to the rachis. 

This contrast is especially marked in the 
marginal leaves, right and left, where leaves 
arise on the borders of the mutated strip. 
(See Figure 7). In leaves 1 and 2, the left 
and right marginal leaves, the spines on the 
normal or Deglet Noor sides of the ribs 
from below upward, range from 12 mm. to 
150 mm. and a few reach 280 mm. while the 
corresponding mutated spines on the opposite 
sides of the ribs are only from one-half to 
two-thirds of that length. 





The angle of divergence of the spines from = , 

the axis of the rachis affords another strik- NORMAL AND CHIMERAL SPINES 
ing difference between the normal and _ the 

mutated sides of the border leaves. The Pigure ¢ ; 
spines on the normal Deglet Noor halves of Bases of the three leaves of Jarvis 
the border leaves show clearly the distinc- 
tion into antrorsey spines directed upward jet has normal Deglet Neor spines on the 
making angles from 7 to 30° with the axis in ad ated niece x ee lls ils 
of the leaf and retrorse spines, directed down- lett side, mutates on oo a es 
ward, making angles from 15 to 40°. The middle leaf is wholly mutated, the leat to 


spines on the mutated halves of the border the right shows mutated spines on the lett 
leaves are not easily put into the antrorse, 


; ; ' ; and normal Deglet Ncor spines to the right. 
- rse } rse Classes ¢ ake “Nn 

retrorse, of introrse Classes and make mu Photographed January, 1930, by the author. 

more acute angles with the leaf axis, usually ~_ _¢ 

only 5 to 15° occasionally 20° and rarely The bases of the three leaves shown here 

as much as 30 or even 32°. are about four feet long. 


™%, 


oa 
7 
> * mat 


; date 
palm showing spine area. The leaf to the 


*HABERLANDT,' in discussing growth by means of several apical cells concludes his ex- 
planation of “horizontally seriated apical cells” by stating (pp. 83-84): “Here the primordial 
meristimatic tissues take the form of longitudinal strips derived from the several initials.” 
If we assume that the date palm does have three initial cells, each giving rise to a longitu- 
dinal strip of tissue, then the whole trunk would be composed of three such strips and if one 


such initial cell should mutate it would give rise to a segment occupying about one-third of 
the circumference of the trunk. 


+This and other technical terms used in this description are explained by Mason. 
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These angle differences show very clearly 
in Figure 7 where the outside halves of the 
right and left leaves show the normal Deglet 
Ncor spines making a larger angle with the 
leaf axis and the inside halves of the two 
outside leaves and both halves of the inner 
leaf show the short appressed spines of the 
Jarvis mutation. 


In the blade regions of the leaves the 
differences between the normal and mutated 
pinnae are not as marked as in the spine area 
though evident on close measurement. In 
leaf 1 the normal Deglet Noor pinnae fol- 
lowing the spines are 28 inches long and 34 
to 2% inches wide diminishing to 21 or 22 
inches and 1144 inches wide at 7 to 8 feet up 
from the base of the leaf. Corresponding 
pinnae on the mutated side are 6 or 7 inches 
shorter and '4 to 3 inch narrower below 
but only 2 to 3 inches shorter in the upper 
portoin of the blade.* 


The mutated fruits in the khalal or first 
stage of ripening are 35 to 36 mm. long, 
20 mm. broad near the base, tapering slightly 
to a broadly rounded apex, color “Brazil 
Red” or “Garnet Brown” (Ridgway Plate 
1); the perianth is narrow, with both whorls 
thickened, making it strongly tuberculated. 
The mature fruit is semi-dry, with small 
longitudinal and transverse wrinkles; color 
“Hay’s Maroon” (Ridgway PI. 13) or “Liver 
Brown” (R. Pl. 14). The flesh is about 5 
mm. thick, semi-translucent, satiny white 
within, with no appreciable fiber. There is 
a good deal of the characteristic Deglet Noor 
flavor and considerable sweetness, but its 
small size and poor appearance would re- 
luce its merchantable value. 

The seed is about 20 mm. long, 6 to 7 mm. 
broad, smooth, terete, pointed at both ends, 
the germ pore central or a little nearer the 
apex, the furrow shallow and close, color 
“Light Drab,” (R. Pl. 46). Tree ripe fruits 
weigh about 68 to the pound as against 42 
to the pound for normal Deglet Noor from 
the same palm. The seeds weigh about 60 
to the ounce and comprise 7% of the total 
weight of the fruit—a very low percentage. 

The normal Deglet Noor fruit and. seed, 
of the mutated part of the palm are shown 
in Figure &. 


OTHER DATE MUTATIONS 
Another mutation of a date palm, 
curiously enough also in a Deglet Noor 
tree, is growing in the date planta- 
tion of Colonel Dale Bumstead, near 





*In leaf 2 the differences are less, and at 7 to 8 feet up the pinnae are actually longer 


Phoenix, Arizona. While differing 
strikingly from the Jarvis mutation in 
foliage characters Col. Bumstead’s and 
the Jarvis mutations apparently agree 
in one vital point, which is that the 
mutated sector occupies about a_ third 
of the trunk circumference. The occur- 
rence of a mutation involving a one- 
third sector on either of these palms 
might possibly be accidental, but such 
an occurrence on both of them greatly 
increases the probability that they have 
a definite significance, that of having 
emanated in each case from a similar 
initial origin. 

That these two striking examples of 
sectorial mutation in the date palm do 
not stand alone is evident from other 
instances, less carefully observed. In 
the Cooperative Date Garden at Tempe. 
Arizona, a date palm was observed 
by the writer in 1909 putting out leaves 
on one side having. strikingly broad 
and vigorous pinnae. This habit per- 
sisted for two or three years but ap- 
parently the newer growth returned 
to the normal habit and a permanent 
mutated strip was not established. 

In a date garden planted by Mr. 
Henry Middleton in the lower portion 
of the Coachella Valley, in Riverside 
County, California, a Deglet Noor palm 
for several years put out leaves carry- 
ing on one side extremely long and 
narrow pinnae, wholly out of keeping 
with the regular Deglet Noor foliage: 
but here again the mutation was not 
permanent. 

In the accepted sense of the term, 
in which an entire mutated branch is 
the product of a bud, as in the case 
of the “Copper Beech,” bud sports 
have not vet been recognized in the 
date palm. No offshoot, the growth of 
an axillary bud, has been found in 
mutation, except as a part of a mutated 
sector, apparently having its origin in 


and broader on the mutated side, indicating that the strip border has crossed the axis of the 
leaf, being mutated only in the lower part of the leaf. In intermediate or wholly mutated 
leaves the pinnae on opposite sides are about equal in proportions, from 15 to 21 inches long 


and from 5% to 1% inches broad. 


+Described by Mr. A. D. Shamel in this issue (pege 164).—Editor. 











DATE FROM THE JARVIS PALM 


The three dates above and the four 


Figure 8 


seeds below them are 


normal Deglet Noor dates. 


The three shorter dates below and the four seeds at the bottom of the plate are of the Jarvis 


mutation. All the dates are over-ripe. 
All natural size. 


Photographed January, 


1930, by Roy W. Nixon. 
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the phyllophore or giant terminal bud. 
It is here that these two Deglet Noor 
mutations appear to afford examples 
unique in horticulture. 

Winkler’s investigations® on graft 
hybrids led him to distinguish between 
sectorial and periclinal chimeras. The 
sectorial chimeras show vertical lines 
of demarcation between the two kinds 
of tissues each retaining its own char- 
acteristics. In periclinal chimeras, one 
kind of tissue completely encloses and 
usually hides the other. 

Heuer in 1910 described and figured 
a remarkable sectorial chimera wherein 
one side of the stem: was pure tomato 
(Solanum lycopersicuim), the other side 
pure nightshade (Solanum nigrum). 
No fewer than three different periclinal 
chimeras arose on this plant near the 
line of union of the tomato and night- 
shade. 

Stout in 1920,‘ after having given 
some years to investigating bud varia- 
tions in Coleus and other plants makes 
the definite statement that “inter-varietal 
sectorial and periclinal chimeras fre- 
quently arise through bud sporting.” 

An apparently sectorial mutation 1s 
the vellow sport, in a male plant of the 
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Tochigi hemp described by Mallock in 
this Journal in 1923. This mutation 
extended as a yellow strip along a part 
of the stem for several nodes and 
then came to an end. 

A very good example of a true 
sectorial chimera arising by mutation 
is the white tomato sport recently de- 
scribed by McArthur? in this Journal. 
Some of these branches showed a sharp 
longitudinal division of the two kinds 
of tissues very like the divisions of 
the leaf and fruit stock described above 
in the Jarvis palm. 

Other references to sectorial chimeras 
were given with full bibliographic data 
by Charles F. Swingle,‘ in 1927. 

Unfortunately, the Jarvis mutation 
was not detected until all the offshoots, 
some ten altogether, had been cut from 
the base of the palm. So far it has 
not been possible to find any of them 
alive but it 1s highly probable that if 
offshoots from the mutated sector had 
been given proper care they would have 
lived since, unlike the MacArthur white 
tomato mutation, the Jarvis date shows 
every indication of being a vigorous 
date variety quite able to propagate 


Ww 
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A BUD VARIATION IN THE DEGLET NOOR 
DATE PALM 


A. D. SHAMEL 
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DEGLET NOOR PALM WITH BUD VARIATION 
Figure 9 


Some of the leaves on the right have abnormally broad and flattened pinnae while those 
on the left have normal pinnae. In the center is a leaf pulled down that has the broad, 
flattened pinnae on the right side and the narrow, folded normal pinnae on the left. The 
abnormal date cluster from the bud variaticn is the cne at the extreme right, while those 
to the left are normal ones. Photographed in Colonel Dale Bumstead’s date garden, 
Phoenix, Arizona, October 23, 1929. 


HE writer has collected from together with branch variations of orna- 
time to time during the past mental plants located in gardens in 
twenty vears photographs and de- Southern California and Hawaii. In 
scriptions of many bud variations in most instances progeny tests of the bud 
vegetatively propagated plants. These variations have proved their transmissi- 
illustrations have included for the most bility through bud propagation while in 
part limb variations occurring in trees a few cases it has not been considered 
of the citrus and deciduous fruits necessary to propagate the variations 
grown in the southwest and of sugar- from the fact that established strains 
cane and pineapple plants in Hawati, originating in this way have rendered 
164 





wei Re dl 








IR 





11) 
In 
1d 


in 


REN neha ea Ue a i aS idl lat aii bala 


Shamel: 


Mutation in Date 


Palm 165 





A HALF-AND-HALF LEAF 
Figure 10 


Date cluster on the right from the abnormal part of the palm with thicker, larger, and 
more bluntly rounded dates than the normal ones shown in cluster at the left. The leat 
in the center of the picture shows the broad pinnae on the right and narrow, tolded pinnae 


on the left side. 
October 23, 1929. 


experimental tests unnecessary. In this 
article a bud variation of the Deglet 
Noor date palm, Phoenix dactylifera, 
Linn., will be briefly described and 
illustrated with photographs obtained at 
Phoenix, Arizona, October 23, 1929. 
The palm in which this bud variation 
occurs is located in the date garden of 
Colonel Dale Bumstead near Phoenix, 
Arizona. It is one of about fifty palms 
of this variety that were planted as 
offshoots by Colonel Bumstead. The 
offshoots were obtained from near 
Yuma, Arizona and transplanted to 
Phoenix, Arizona in 1923. 

Our attention was called to the palm 
producing this bud variation by Colonel 
Bumstead in the fall of 1927. At that 
time the characteristic broad, flat pinnae 


Photographed in Colonel Dale Bumstead’s date garden, Phoenix, Arizona, 
QTal 


of some of the leaves borne by one oft 
the palms as compared with the nar- 
rower and folded pinnae of normal 
leaves on the Deglet Noor palm were 
quite conspicuous. In the fall of 1928 
we visited this palm again and in addi- 
tion to the characteristic differences in 
the pinnae of some of the leaves it 
was found in several instances that on 
one side of a leaf the pinnae were 
abnormally broad and flattened while 
the other side had the narrow and 
folded pinnae that are characteristic of 
the normal leaves. 

Qn October 23, 1929 we again had 
the privilege of observing this palm 
and at that time a cluster of fruit 
was found arising from the section of 


the palm trunk, comprising about one- 
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third of the total circumference of the 
trunk, that has given rise to most of 
the abnormal leaves, and, to two off- 
shoots that also have leaves with broad. 
flat, pinnae that are typical of the ab- 
normal leaves on the parent palm. 

The dates in the fruit cluster from 
the abnormal part of the parent palm 
are considered by Colonel Bumstead to 
be distinctly different from the normal 
ones. They are thicker and longer and 
have more bluntly rounded tips than 
the normal dates. The seeds of the 
abnormal dates are considered to be 
typical Deglet Noor seeds. The texture 
and taste of the dates from the abnor- 
mal fruit cluster are apparently about 
the same as those characters of the 
normal dates borne by the same palm, 
excepting that the abnormal ones are 
much later in ripening. 

The Deglet Noor palm producing the 
bud variation described above is shown 
in Figure 9. On the right can be seen 
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some of the leaves with broad pinnae 
while on the left the normal leaves with 
narrower and more folded pinnae can 
be seen. In the central foreground a 
leaf having broad pinnae on the right 
side and narrow pinnae on the left side 
is shown. This leaf was pulled down 
in order to photograph its characteris- 
tics. The fruit cluster on the right is 
from the abnormal section of the trunk, 
while the four clusters on the left are 
normal Deglet Noor dates, originating 
from the normal part of the trunk. 

In Figure 10, a close-up photograph 
shows the abnormal cluster of dates on 
the right, a leaf with broad pinnae on 
the right side and narrow pinnae on the 
left side, and a typical cluster of nor- 
mal Deglet Noor dates to the left. This 
photograph shows clearly the compara- 
tive characteristic shape and size of the 
dates and the pinnae from both the 
normal and abnormal parts of this in- 
teresting palm. 


Joseph Gottlieb Koelreuter 


(Portrait on Cover) 


The first hybrid ever obtained in a 
scientific experiment is credited to 
Koelreuter in 1760, after a number of 
unsuccessful attempts, obtained fertile 
seeds by applying the pollen of Nico- 
tiana paniculata to the flowers of N. 
rustica. Later he was successful in 
making crosses between other species 
of Nicotiana, and between species of 
Kedmia, of the pink, of stocks, of dog- 
bane, and of burdock (see ‘Founders 
of the Art of Breeding.” Journal of 
Heredity, Volume 10, p. 147, 1919). 

Attention has recently been called to 
a “practical” cross that was made half 
a century earlier. This was a hybrid 


made by a nurseryman named EFair- 
child, at Hoxton, England, some time 
before 1719, between two species of 
pink, Dianthus caryophyllus and D. 
barbatus. The hybrid was known as 
Fairchild’s Sweet William, and its pro- 
duction was viewed unfavorably as in- 
terfering with the works of nature. 
References to Fairchild’s mule pink are 
not found in many discussions of early 
hybridists, but his claim to the honor 
of making the first recorded hybrid de- 
serves wider recognition. A reference 
to this cross is to be found in Gar- 


deners’ Chronicle, Volume 8, No. 187, 
page 103, Juiy 26, 1890. 
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INDUCED GENE-VARIATIONS IN: DROSO- 
PHILA FUNEBRIS 


H. A. TIMOFEEFF-RESSOVSKY 


Abteilung des Kaiser 
Buch, 


Genetische 


HE genetics of Drosophila fu- 
nebris has not been nearly so ex- 
tensively studied as that of Dro- 


sophila melanogaster and of some other 


species. Nevertheless the study of this 
species is of particular interest for com- 
parative genetics, because: 1. the rate of 
gene-variations which manifest 
themselves in a clear and alternative 
way is very small in 1D). funebris; 2. the 
rate of dominant gene-variations seems 
to be much higher in D. funebris than 
in D. melanogaster, but nearly always 
the dominance and phenotypic mani- 
festation are very irregular and incom- 
plete in D. funebris; 3. nearly all ot 
the known gene-variations in D. fune- 
bris affect the wings or the chztotaxie, 
but not the body- or eve-color; nearly 
all these gene-variations have an irregu- 
lar and poor “penetrance” and “expres- 
sivity’ and their phanotypical mani- 
festation is in a high degree dependent 


upon modifying venes and external 
factors.®* 
In view of this it seemed to be ot 


great interest to apply the X-raying 
method of Muller? to D. funebris in 
order to test the method on a new 
species and to get, if the effect should 
be positive. a number of new gene- 
variations for the elaboration of the 
genetics (especially of the chromosome 
maps) of this species. The present 
paper is a preliminary report upon the 
first sets of X-ray experiments with D. 
funebris. 

In this species (especially in the X- 
chromosome) no good “signal-genes”’ 
are known, which would enable us to 
make especial crosses for the exact de- 
tection of all gene-variations which 
arise (as is possible in 2). melanogas- 


Wilhelm Instituts fur Hirnforschung, 
Germany 


Berlin- 


ter). Hence, normal flies from a cul- 
ture which had been inbred through 
more than 50 generations (for biomet- 
rical purposes) were used in the X-ray 
experiments. About 200 males from 
this culture were X-rayed in a small 
Petri-glass with gelatine cover. The 
X-ray dosage was as follows: 50 kv., 
5 ma., a target-distance of 15 cm., and 
aluminum filter 1 mm. thick and a 
length of treatment of 45 minutes. 
170 treated males were crossed with 
virgin females from the same normal 
stock. 

From the 170 crossings, 38 gave no 
offspring, and 15 only very few. The 
117 fertile crossings gave in Fy 4,113 
flies (2,070 females and 2,043 males). 
From Fk, of each of these 117 cross- 
ings, 5-10 pair-matings were made in 


order to get an Fy.. In all, 689 such 
crossings were made, but 77 gave no 


offspring; 612 crossings gave an Fo of 
24,722 flies (12,666 females and 12,056 
males). About the same number of 
I’. crossings were also examined. 
Although the X-ray dosage used here 
was a little heavier than the t4 dose of 
Muller the sterility, produced by X- 
ray treatment in D. funebris, seems to 
be not so high as in D. melanogaster. 


Muller has shown that the lethals 
are the best indicator of the rate of 
gene-variation, since they arise much 


more often than the visible gene-varia- 
tions in the “normal” as well as in the 
“X-ray” cultures.2*° As stated above, 
we had no “signal-genes” in the X- 
chromosome of D. funebris, which 
would enable us to detect exactly all 
the lethals, arising in the progeny of 
X-rayed flies. It was only possible to 
detect their number approximately, fol- 
lowing the sex-ratios in Fo from the 


167 











































































































X-RAY INDUCED MUTATIONS 
Figure 11 
Wings of fruit flies 
irradiation of male flies. 
C-/}—different degrees of 
pression of character Jncisa 
lethal when homozygous. 


(Drosophila funebris) showing mutations induced in 1 
The characters represented are: A—Crossveinless; B—Miniature: 
expression of the character Plexrus-M: G-L—Variation in ex- 
e. Plexus-M causes branching at the end of the mid-vein; it is 
Incisae causes cuts on the margins of the wings. 
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OTHER WING-CHARACTER MUTATIONS 
Figure 12 


Wings of Drosophila funebris showing variation in X-ray induced characters | "tiri (A-D) 


and ['tiri= (i:-H). 


somal recessives. It is noteworthy 
ments affected only the wings of bristles. 


X-rayed males and checking up a part 
of them through further crosses. In 
Table I is shown the number of lethals 
in 1,373 control-crosses (not X-rayed) 
and in O12 Fs. crosses from X-rayed 
males. The number of lethals in the 
X-ray crosses is much higher than in 
the “controls,” but their rate is lower 
than in the X-ray experiments with D. 
melanogaster.’ This difference be- 
tween the rates of lethal gene-varia- 
tions in D. funebris and in D. melano- 
gaster is partly, apparently, due to the 
more exact methods of detection of 
lethals in the latter species. We de- 


signated as lethal-bearing only those F» 


The first produces interruption of the cross-veins and of the second long 
wing vein; the second produces interruption or absence of both crossveins. 
that the 


3oth are auto- 


visible mutations observed in these experi- 


crosses which gave a large number of 
offspring and showed a clear 2:1 sex- 
ratio. The rate of lethal gene-variations 
in the progeny of X-rayed D. funebris 
would be far higher if it were pos- 
sible, by means of especially arranged 
crosses (with “signal-genes’), to de- 
tect all lethals arising in the gametes 
of X-rayed males. 

In F,, Fo, and Fs, from the treated 
inales many visible modifications were 
found. Some of them have proved to 
be heritable. 

Three of these heritable characters 
are sex-linked: miniature, crossvein- 
less and Plexus-m. Miniature is re- 
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cessive and probably homologous to 
miniature in D. melanogaster; this is 
the “best” of all the gene-variations 
produced in these sets of experiments: 
it is absolutely penetrant and shows a 
constant, good expressivity (like mun- 
iature in D. melanogaster). Crossvein- 
less is recessive and has an irregular 
penetrance and expressivity (overlaps 
the wild-type); it produces interrup- 
tions or, in extreme cases, absence of 
the crossveins. Plexus-m 1s dominant 
and lethal in homozygous condition 
and in males; it causes plexus-like 
vein-branchings at the distal end of 
the media (third longitudinal wing- 
vein), but the character has a very 
irregular phaenotypical manifestation 
and overlaps the wild-type; lower tem- 
perature, apparently, increases the de- 
gree of phaenotypical manifestation 
(increases the penetrance and express- 
ivity of Plexus-im). Besides these three. 
apparently, some other sex-linked vari- 
ations were produced, but their phaeno- 
typical manifestation is so poor and 
irregular that they could not be an- 
alyzed exactly. 


Five of the autosomal heritable 
characters produced in the X-day ex- 
periments are dominant. Reduced’ 
causes a reduction in size or the total 
absence of the posterior dorso-central 
bristles; in the latter cases ‘the basal 
rings are nearly always absent; KF’ 
overlaps the wild-type and the degree 
of its phaenotypical manifestation can 
be, apparently, increased through selec- 
tion and some external conditions. Re- 
duced? causes the absence or the re- 
duction of one or both anterior dorso- 
central bristles; the basal rings are 
absent if the bristle is totally removed; 
Rk’ has a very poor and irregular pene- 
trance and expressivity. Muissing—is 
closely similar and apparently identical 
with the gene J/issing, described by 
Spencer®. /icisae’? causes cuts on the 
wing-margins, like Beaded or cut in 
D. melanogaster; the penetrance of the 
gene 1s very poor and irregular, but 
can be increased through - selection. 
Incisac-like flies appeared several times 


in the progeny of X-rayed males; 
some of these flies proved to be caused 
apparently by other genes than that 
here described (in one case probably 
a sex-linked recessive), but their 
phaenotypical manifestation is so poor 
and irregular that it was impossible 
to analyze them exactly. Abnormal 
abdomen’—dominant, autosomal— 
causes abnormalities of segmentation 
and coloring of abdomen (like A’ or 
Qi41 In YD. melanogaster); the pene- 
trance and expressivity of this gene 
is very irregular and poor. 

The following autosomal recessives 
were found: divergent—wings spread 
and of a “softer” structure than in 
the wild-type; zvtiri—interruptions ot 
crossveins and of the radius (2nd 
long wing-vein), overlaps the wild- 
tvpe in a high percentage of cases; 
vtiri?—interruption or absence of both 
crossveins. Besides these, many other 
cases of interruption of the second 
crossvein were observed; at least in 
two cases they are caused by recessive 
autosomal genes (different in both 
cases from all the others known) 
with a very poor penetrance, so that 
they are not useful for genetic work. 
Flies with curved-like wings and _ flies 
with different wing-vein abnormalities 
were found in Fs. and Fs, but could not 
be analyzed exactly (in most cases 
these characters seem to be non-herit- 
able ). 

In the 1373 control crosses (Table 
1) no visible gene-variations 
found. 


were 


Some peculiar non-heritable modifi- 
cations were observed in the cultures 
(gynandromorphs, abnormalities of the 
external genitalia, asymmetrical, fris- 
cate-like and club-like wings). One 
gynandromorph with a full set of fe- 
male and of male external genitalia 
was found. 


Conclusions 
From the above results the follow- 
ing conclusions can be drawn. The 


X-raying method of Muller, if applied 
to D. funebris, causes a very. signifi- 
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cant acceleration of the process of X-ray experiments. The above state- 
gene-variation. An X-ray dosage, which ments must be proved in further ex- 
corresponds approximately to the t4 periments. 


iS apr ntly : ffec- ‘ . 
of Muller, is appare tly not so effec S Pacidin Chia 
tive in D. funebris as in D. melano- 
rene wore, uot oat tide di@lecscim is 1. Morcan, T. H., Bripces, C. B., Stur- 
gaster, DUC a part OF UMS Cilterence IS evant, A. H. 1925. The Genetics of 


probably due to the absence of ‘*sig- Drosophila. Bibliogr. Genetica, v. 2 


nal genes” in funebris, which did not 2. Mutter, H. }. 1923. Mutation. Proc. 


; 2nd Inter. Cong. Eugenics, v. 1 
allow us to arrange special crosses </" g. Eu S, V. 4. 
' _ 3. Mutuer, H. J. 1928. The Problem of 


and exactly detect all the lethals aris- Genic Modification. Verh. d. VV Intern. 

ing. It is striking that no eye—or_ Kongr. f. Vererb., Bd. 1. 

body-color characters were produced 4. Mutter, H. J. 1928. The Measure- 

and that only one of the visible gene- —> —_~ Mutation Rate in Drosophila. 
: renetics, v. 13. 





variations (miniature) does not over- 5. Mutter, H. J. 1928. The Production 
lap the wild-type. All variations pro- of Mutations by X-rays. Proc. Nat. Acad. 
duced in the above experiments af- Sc. (U. 5. A.), v. 14. ; 

6. Spencer, W. P. 1928. New Muta- 
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tect the sacle or bristles of the thes. tions in Drosophila funebris. J. Exp. Zool., 
The general direction and character of  y. 5. 

the process of gene-variation (from 7. Timoreerr-Ressovsky, H. <A. and 
the phaenotypical point of view) in res W.. ge Uber ~ pg? won 
D. funebris is apparently somewhat - anitestieren des genotyps. VOSr KO-s 
me, é; matische Variationsgruppen bei Drosophila 
different from that in D. melanogaster,  {ynebris. Roux Arch. ¢. Entwmech. a. Org., 
and this difference remains also in the’ Bd. 108. 





TABLE 1—Number of sex-linked lethals and visible gene-variations detected in control crossings and in 
F. from X-rayed males 


Number of Number of sex- Number of sex- 
crossings linked lethals linked visible 
gene-variations 
Control-cultures .....0000.00000...-- 1373 2 
F, Cultures from X-rayed 
; 612 24 4 


males 


Three Notable Books on Human Inheritance 


HREE aspects of human inheri- makers, and Racial Hygiene, a discus- 

tance are presented by three com- sion of eugenics from the racial point 
petent writers—the title of each being of view, for the general reader. 
well chosen.* All three are heartily rec- Though written as a guide book for 
ommended. The Child's Heredity, by parents, no one can afford to miss The 
Paul Popenoe, is an authoritative read-  Child’s Heredity. It should be in the 
able guide book on human heredity for required reading of every prospective 
parents; Fleredity and Parenthood, by teacher and college graduate: it 1s fully 
S. C. Schmucker, a book for home- up to date. 


*Tue Cuitp’s Herepity, by Paurt Porrenoe. Pp. 316. 28 Chapters; 26 illustrations. 
Price, $2.00. The Williams & Wilkins Co., Baltimore, 1929. 

HEREDITY AND PARENTHOOD, by SAMUEL C. ScHMUCKER, Ph.D., Sc.D., Emeritus Pro- 
fessor of Biological Sciences, State Teachers’ College, West Chester, Pa. Pp. 322. 2 Part; 
23 Chapters; 43 Illustrations. Price, $2.50. Macmillan Company, New York, 1929. 


RactAL Hyciene: A Practical Discussion of Eugenics and Race Culture, by Thurman B. 
Rice, A. M., M. D. Pp. 376. 25 Chapters. Price, $4.50. New York, The Macmillan 


Company, 1929. 








The scope of the contents is indi- 
cated by the fact that separate chapters 
are devoted to the inheritance of char- 
acters of the skin, the eyes, the ears, 
the hair, the teeth, the blood, errors of 
development, left-handedness, diseases, 
intelligence, constitution and tempera- 
ment. Most readers, except possibly 
physicians, will be astonished at the 
ereat number and the frequency of in- 
herited physical characteristics affecting 
nearly all parts of the body. Though 
not intended as a reference work the 
author has brought together records of 
inheritance from many sources and the 
text is well documented. There are 
over 400 references. 

Misplaced emphasis on causes of de- 
fects are often pointed out as: “Careful 
measurements 1n many cases have shown 
that there is a close association between 
short-sight in parent and short-sight in 
offspring, but little between short-sight 
in children and the time they spend out 
of doors or the amount of reading they 
do. This is not to say that eye-strain 
is harmless; but it is not the primary 
cause of defective vision.” 

Irom inheritance of physical charac- 
teristics the author leads up to inhert- 
tance of susceptibility and resistance to 
diseases and thence to inheritance of 
intelligence. The intensity of resem- 
blance between parents and children is 
expressed as a correlation of fifty per 
cent. If the correlation is found to be 
more or less than fifty per cent it is 
considered that influences aside from 
heredity are at work. Thus the corre- 
lation of duration of life of father and 
son is found to be not fifty per cent 
but thirteen per cent. Apparently dif- 
ferent living conditions have tended to 
make parent and child less alike. The 
correlation in occupation 1s seventy-five 
per cent, which indicates that influence 
and education have increased the re- 
semblance. Children inherit through as 
well as from parents and the total con- 
tribution of heredity is about seventy- 
hve or eighty per cent. 

The chapter on intelligence’ gives 
twelve sets of evidence that intelligence 
is inherited, and three divisions of in- 


The Journal of Heredity 


telligence, abstract, mechanical, and so- 
cial, are discussed. The discussion of 
the different levels of intelligence is 
especially interesting. The basis for the 
conclusion that outward appearance does 
not indicate mental capacities and apti- 
tudes is clearly set forth. 

It is regrettable that the type is so 
small as to make the book difficult to 
read, even though we are assured that 
this “is not the primary cause of detfec- 
tive vision.” 





Dr. Schmucker’s book is one of the 
really fine books an the subject worthy 
of a place in every home. In the first 
part the general subject of heredity 1s 
presented broadly and clearly. Rarely 
is the writer irrelevant. The second 
part 1s a discussion of parenthood from 
the viewpoint of a biologist, a parent 
and a teacher of long experience. The 
book is interesting from beginning to 
end and one wishes it were possible to 
read it at a single sitting. Among the 
few mistakes or errors of viewpoint 
noted is that on page 209, where the 
older chromosome number (47) for 
man is given rather than that of Painter 
now generally accepted. 





Racial Hygiene is a book for the gen- 
eral reader written from the viewpoint 
of a physician, teacher and public off- 
cial. The earlier chapters in which the 
fundamentals of genetics are presented 
are not as satisfactory as the later ones 
which are devoted to a discussion of the 
sociological application of genetics to 
racial hygiene. Minor inaccuracy in de- 
tails and in emphasis, as “only the 
closed flowers of the violet produce 
seed” (p. 152) and “Kelly says that 
he believes that all vice is a reflex of 
poor housing and low wages” mar a 
book otherwise really excellent. 

\ few extracts may suggest a little 
of the viewpoint of the author. In a 
discussion of “Heredity Plus Environ- 
ment” the author states: “No environ- 
ment is a good environment which does 
not provide adequately for the perpetu- 
ation of the race and its own good 
qualities.” In “T:cononue Problems Af- 
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fecting the Race” he calls attention to 
the effects of high cost of living on 
the birth rate of superior stocks and 
the effect of extensive advertising on 
the high cost of living. ““There are so 
many really essential tasks which can- 
not be done for the reason that work- 
ers are engaged in producing non-essen- 
tials which are dressed up and made 
to appear to be essential to life and the 
pursuit of happiness. The racial foun- 
dation of the nation has been altered 
and probably in an unfavorable direc- 
tion to meet the demands made by an 
aggressive system of production——the 
demand for which is artificially pro- 
duced by extensive advertising and 
high-pressure selling methods.” 

In the chapter on ‘Modern [duca- 
tion in Relation to the Race” it is stated 
that “It is not uncommon for a girl to 
marry when she does not know how to 
cook or sew, how to care for a home, 
or how to purchase food and clothing 
in an economical way; she does not 
understand the reproductive svstem of 
herself or her husband; she cannot care 
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for a baby. <A single item of informa- 
tion about the care of the body or the 
preservation ot health may easily be of 
more real value to a man or woman 
than a college education without this 
item.” 

His attitude in a chapter on “The 
Defective Individual as a Social Men- 
ace’ is seen in the following: “Millions 
of dollars have been lost because some 
defective man or boy has wanted to see 
a fire, or see the fire department run. 
It is not at all impossible that such 
economic losses would be sufficient to 
pay the expenses of adequate institu- 
tional care of all defectives.” Chapters 
of especial interest are “Emigration and 
Immigration.” “The Conservation of 
the White Race,” “The Prevention of 
Germinal Waste,” “The Practical Ap- 
plication of Race Hygiene” and “Is 
Ours a Dying Race?” His attitude is 
well expressed in the sentence: “To 
waste the opportunity for good blood 
to reproduce itself is to waste wantonly 
the choicest product of ages of evolu- 
tion and millennia of civilization.” 


The Institute of Family Relations 


() promote successful marriage and 

parenthood, The Institute of 
Family Relations has recently been in- 
corporated at Los Angeles, California 
as a philanthropic foundation for public 
education, personal service, and_ re- 
search. Its activities are grouped in 
half a dozen fields, relating to social, 
psvchological, medical, genetic, legal, 
and religious problems. 

It represents the first organized at- 
tempt in the United States to focus all 
the resources of science on the prob- 
lems of home life. More than 100 such 
bureaus are in operation in_ Europe, 
however, nearly all of them being off- 
cial in character. 


Pre-Marital Service 


Through its) personal service, the 
Institute offers to those about to marry, 
a complete pre-marital examination as 


to physical and mental fitness, with spe- 
cial reference to the personal and 
family history. 

A dozen states now require a medical 
certificate from the man who ts a candi- 
date for matrimony. It has often been 
objected that this requirement, — re- 
ferring principally to the presence of 
infectious disease, is inadequate: not 
only does it leave out of account the 
woman who is planning to wed, but 
mental disease may be quite as impor- 
tant as physical disease in affecting the 
happiness or success of a marriage; 
and ignorance may be as disastrous as 
either one. 

The Institute offers a thorough, but 
wholly voluntary, service to both men 
and women, with an opportunity for 
them to make up the deficiencies in 
their information as to marriage and 
to enter wedlock with every assurance 
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of success that can be given by knowl- 
edge and forethought. It believes that 
romance flourishes much better in an 
atmosphere of health and knowledge 
than in an atmosphere of ignorance 
and disease. 


Family Adjustinents 


To those already married, who face 
problems of marital life for the solu- 
tion of which the usual sources of 
information are not enough, the Insti- 
tute offers the services of a staff of 
specialists. It will analyze any prob- 
lem, suggest solutions, or put the indi- 
vidual in touch with some agency that 
can offer a solution, if possible. 

The progress of research has indi- 
cated that most broken homes are 
avoidable, if only the disharmony which 
eventually leads to separation or divorce 
were dealt with promptly, when it first 
starts. A slight cause of maladjustment, 
arising perhaps in the early days of 
married life, and neglected because not 


understood, gradually creates a tension 
which leads in a few years to the 
breakup of the family. A serious re- 
sponsibility rests on all persons who 
see such situations beginning, to en- 
sure that prompt help is received, for 
the prevention of individual unhappi- 
ness and of social disorder. 

The Institute does not undertake to 
treat disease, but refers its clients to 
their own physicians for this purpose. 
Its work is primarily diagnosis and 
education. Its transactions are wholly 
confidential. 

The Institute also acts as a reference 
bureau not merely for individuals but 
for physicians, lawyers, ministers, stu- 
dents, and others who have to deal 
with unusual problems of reproduction, 
sexuality, or heredity. 

[It is operated on a non-profit basis, 
as a public service. A nominal fixed 
fee is asked of those who can pay, 
but no one is refused help. 
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Galton on True Philanthropy 


TRUE philanthropist concerns him- 
self not only with society as a 
whole, but also with as many of the 
individuals who compose it as the range 
of his affections can include. If a man 
devotes himself solely to the good of 
a nation as a whole, his tastes must be 
impersonal and his conclusions so far 
heartless, deserving the ill title of 
“dismal” with which Carlyle labelled 
statistics. If, on the other hand, he 
attends only to certain individuals in 
whom he happens to take an interest, 
he becomes guided by favoritism and 
is oblivious of the rights of others and 
of the futurity of the race. Charity 
refers to the individual; Statesmanship 
to the nation; Eugencis cares for both. 
It is known that a considerable part 
of the huge stream of British charity 
furthers by indirect and unsuspected 
ways the production of the Unfit; it 
is most desirable that money and other 
attention bestowed on harmful forms 


of charity should be diverted to the 
production and well-being of the Fit. 
For clearness of explanation we may 
divide newly married couples into three 
classes, with respect to the probable 
civic worth of their offspring. There 
would be a small class of ‘“‘desirables,”’ 
a large class of “passables,” of whom 
nothing more will be said here, and a 
small class of “undesirables.” It would 
clearly be advantageous to the country 
if social and moral support as_ well 
as timely material help were extended 
to the desirables, and not monopolized 
as it is now apt to be by the undesir- 
ables. 

[ take [Xugenics very seriously, feel- 
ing that its principles ought to become 
one of the dominant motives in a 


civilized nation, much as if they were 
one of its religious tenets. I have often 
expressed myself in this sense, and will 
conclude this book by briefly reiterating 
my views. 
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Galton on True Philanthropy 


Individuals appear to me as partial 
detachments from the infinite ocean of 
Being, and this world as a stage on 
which Evolution takes place, principally 
hit’ -rto by means ot Natural Selec- 
tion, which achieves the good of the 
whole with scant regard to that of the 
individual. 

Man is gifted with pity and other 
kindly feelings; he has also the power 
of preventing many kinds of suffering. 
[ conceive it to fall well within his 
province to replace Natural Selection 
by other processes that are more merci- 
ful and not less effective. 

This is precisely the aim of Eugenics. 


Its first object 1s to check the birth-rate 
of the Unfit, instead of allowing them 
to come into being, though doomed in 
large numbers to perish prematurely. 
The second object is the improvement 
of the race by furthering the productiv- 
ity of the Fit by early marriages and 
healthful rearing of their children. 
Natural Selection rests upon excessive 
production and wholesale destruction ; 
ugenics on bringing no more. indi- 
viduals into the world than can be 
properly cared for, and those only of 
the best stock—From Memories of 
My Life, by FRANciIs GALTon, F. RLS. 
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A Plea for the Abnormal 


Hie adjuration to be “normal” 

seems shockingly repellent to me; 
| see neither hope nor comfort in sink- 
ing to that low level. I think it 1s 
ignorance which makes people think .of 
abnormality only with horror, and 
allows them to remain undismayed at 
the proximity of “normal” to average 
and mediocre. For surely anyone who 
achieves anything is, a priori, abnor- 
mal; this includes, not only the gen- 
iuses, but the presidents, the leaders, 
and the great entertainers. | presume 
most of the people in Il’ho’s IVho in 
America would resent being called 
normal. And while I haven't had much 
opportunity to examine personally those 
celebrities, I have had under close ob- 
servation a considerable number of per- 
sons almost as interesting, just as 
abnormal and a great deal more ac- 
cessible to study. And, having spent 
my academic and professional life try- 


ing to discover the meaning of these 
people's troublesome abnormalities and 
the best ways to set them right, and 
at the same time observing the occur- 
rence of the same formulae in my 
friends and neighbors and books and 
newspapers, I wanted to write down 
my ideas about this curious human 
mind. Not the mind as a machine 
operating perfectly and invariably in a 
quiet little laboratory, but the mind 
as a collection of enormously complex 
possibilities for variation, most of the 
variations being called abnormal by 
people with some other kind of varia- 
tion. Unless these variations get one 
into difficulties or into distinction, they 
are apt to be unnoticed. Yet it is they 
which determine the personalitv—Men- 


ninger, K. A.: The Human Mind, 
New York, Alfred A. Knopf, 1930, 


- 


pretace. 
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THE FOUNDATION STOCK IN THE HEN-FEATHERING 


BREEDING EXPERIMENT 
Figure 13 


Tracing back to a Seabright-Blackbreasted Game Bantam cross, and through crosses 


with several other breeds with the Brown Leghorn, these five birds constitute the foundation 
stock of this experiment. The two hens at the top are sisters (1440 and 1441), as are the 
two below (1442 and 1443). The cock (8724) is a ccusin to all four hens. 




















THE PRODUCTION OF HEN-FEATHERED 
BROWN LEGHORNS BY BREEDING 


Mortey A. Juii, Senior Poultry Husbandiman 
JosePpH P. QUINN, Chief Scientific Aid 


Bureau of Animal Industry, U. 
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MONG the standard breeds of 
poultry described in the Ameri- 
can Standard of Perfection’, 

Sebright Bantams and Campines are 
shown to be “hen-feathered” breeds. 
In these two breeds the male hackle 
and saddle feathers, commonly re- 
ferred to as secondary sexual charac- 
ters, are of the same shape, color and 
relatively the same length as in the 
females. In other respects the color 
of the males is identical with that of 
the females. Most of the other stand- 
ard breeds may be divided into two 
groups: (1) Those in which the males 
differ trom the females in respect to 
the shape and length of the hackle 
and saddle feathers and (2), those in 
which in addition to differences in 
shape and length of the hackle and 
saddle feathers there are also differ- 
ences in the color of the hackle and 
saddle feathers in the two sexes and 
the males frequently have breast and 
body colors different in color from the 
females. (See Figure 16.) The first 
group includes such varieties as White 
Leghorns, Light Brahmas, Barred 
Plymouth Rocks, Buff Orpingtons, 
and Jersey Black Giants. The second 


group includes such varieties as 


srown = Leghorns, Silver Penciled 
Plymouth Rocks, Silver  Penciled 


Wvandottes, Silver Grey Dorkings, 
Partridge Cochins, Partridge Plymouth 
Rocks and Partridge Wyandottes. 
Since it has been demonstrated that 
hen-feathering is dominant to cock- 
feathering, it seems very desirable to 
obtain as much information as pos- 
sible concerning the manner of the 
inheritance of hen-feathering and to 
determine, if possible, the number of 
factors or genes involved. Also, it 
seems very desirable to demonstrate 
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the possibility or otherwis: of devel- 
oping by breeding methods hen-feath- 
ering in the males of normally dimor- 
phically colored breeds, such as Brown 
Leghorns and Silver Penciled Ply- 
mouth Rocks. 

The possibility of developing a 
strain of hen-feathered Brown Leg- 
horns by breeding was suggested by 
Prot. T. H. Morgan, formerly of 
Columbia University. For several 
years he had been conducting re- 
searches on hen-feathering and some 
time ago sent to Dr. H. D. Goodale, 
formerly of the Massachusetts Agri- 
cultural Experiment Station, a_hen- 
feathered male originating in_ his 
(Morgan's)  Sebright - Blackbreasted 
Game Bantam cross. Dr. Goodale 
used this male on small females from 
a complex cross. between — several 
breeds, none of them hen-feathered. 
The offspring of this male of Mor- 
gan’s was then bred to a local stock 
of Brown Leghorns. From this cross 
and its descendants a selection of hen- 
feathered birds of Brown Leghorn 
color was made which gave rise to 
the stock received by us from Dr. 
Goodale. In the fall of 1923, Dr. 
Goodale, at Dr. Morgan's suggestion, 
sent to us one hen-feathered hybrid 
male and four hybrid females. With 
this as the foundation stock, matings 
have been made from 1924 to 1928, 
inclusive, at the U. S. Animal Hus- 
bandry Experiment Farm, Beltsville, 
Maryland. 

The male and four females consti- 
tuting the foundation stock are shown 
in Figure 13. The male was given leg- 
band number 8724, the four females, 
numbers 1440, 1441, 1442, and 1443, 
respectively. The male was hen- 
feathered. The females varied con- 
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FEATHERING TYPES 
Figure 14 


| Showing feathering types in Purebred Brown Leghorns (.f and EF) and tvpes obtained 
In crosses to produce hen-teathered brown leghorns. 
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Her. feathered 


4 No. 4947 
.B.F. 8 32 Xx 
pb. Br. L. 2 
584 


G 


Cock-feathered 


No. 3281 
ax, P. B. Br. L. 
33 2 572 


(mating not 
hown in table I) 


H 


2434 — 
Full brother of 
6 3281 (above) 
Hen-feathering 
induced in Nor- 
nally Cock-feath- 
ered Male by 
thyroid feeding. 
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Cock-feathered 
No. 1411 

m & F 3 a 
2 1443 
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Hen-feathered 
No. 2449. 





ex. &. F. ¢ 33 
1441 
HEN-FEATHERED AND COCK-FEATHERED SEGREGATES 
Figure 15 
Showing also the effect of thyroid feeding in transforming a normally cock-teathered 


lale into a hen-feathered one. 
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siderably in color. No. 1440 had a 
neck of dark brown and the rest of 
the body an even shade of lighter 
brown, with a tendency toward shaft- 
ing. Shafting results from the shaft 
of the plume of the feather being 
lighter or darker in color than the 
web of the feather. It is a defect in 
srown Leghorn plumage pattern. No. 
1441 had an even shade of light brown 
over all parts, including the neck, with 


a tendency toward shafting. No. 1442 
hed Brown Leghorn plumage with 


white mottling over all parts and 
some of the flight feathers and _ sec- 
ondaries of the wings were white or 
splashed with white. No. 1443 had 
the most typical Brown Leghorn 
markings of the lot; the neck feathers 
were golden yellow with a_ black 
stripe extending down the middle of 
ach feather; the rest of the plumage 
was light brown finely stippled with 
darker brown; the breast was slightly 
salmon colored, the standard color 
being rich salmon. 

The male, No. 8/724, was a cousin 
to each of the four females; Nos. 
1440 and 1441 were full sisters and 
Nos. 1442 and 1443 were full sisters, 
‘ach pair of full sisters being cousins 
to the other pair. These birds were 
mated for the breeding season of 1924 
and the results, pertaining to the 
males only, are shown in Table 1. 
This table also contains the results 
secured as far as the feathering condi- 
tion of the males is concerned for all 
subsequent matings. The data in the 
table are arranged so that the pedigree 
of any bird may be traced quite read- 
ily, also the relationship of the birds 
in any given mating. <A detailed de- 
scription of the matings made each 
year, therefore, is unnecessary. [ach 
year the chicks were hatched between 
March seventeenth and the last of 
April. 

It should be stated that the condi- 
tion of feathering in the male progeny 
was described in the fall of each year, 
usually October, at which time the 
cockerels were for the most part sex- 
ually mature. 30th = =pullets and 
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cockerels were examined carefully and 
those were selected for breeding pur- 
poses the next year that conformed 
most closely to the standard female 
color markings. All of the birds used 
in all of the matings were hen-feath- 
ered except as indicated in Table I, 
and each succeeding vear witnessed a 
marked improvement in color from the 
standpoint of standard female Brown 
Leghorn plumage pattern. The pure- 
bred Brown Leghorns used, as_ indi- 
cated in Table I, were trom a cock- 
feathered strain, characteristic of the 
standard Brown Leghorn. 

A very general description of the 
standard male and female Brown Leg- 
horn will suffice to show the extent to 
which they differ. The male has an 
orange hackle with a dull, black stripe 
running down the middle of each 
lower hackle feather. The plumage 
on the front of the neck is black and 
the breast is black. The back 1s brown 
and should be free from shafting. A 
section of the surface of the wings, 
called the wing bows, are light red in 
color while the wing coverts are black. 
The primaries and secondary feathers 
are dull black, the lower web of each 
primary being edged with brown. The 
saddle feathers are long and _ slender, 
light orange in color and_ slightly 
stippled and there should be a few 
hen-stippled feathers present. ‘The 
body and fluff feathers are slate in 
color, slightly tinged with brown. The 


main tail feathers are dull black. The 
female has a golden yellow hackle 


with a black stripe extending down 
the middle of each feather. The front 
of the neck and breast are rich salmon. 
The back is light brown, finely stip- 


pled with darker brown and_ there 
should be complete freedom from 
shafting. The wing bows are of the 


same color as the back. The _ pri- 
maries and secondaries are in_ the 
main of the same color as in the male. 
The feathers over the body are light 
brown while the fluff is slate, tinged 
with brown. The tail is dull black, 
the two main tail feathers being stip- 
pled with brown. 
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FEATHERS FROM HEN-FEA 








THERED AND COCK-FEATHERED 


MALES 


Figure 16 

and saddle feathers of a hen-feathered 
of matings between Golden Seabrights 
aken from bird shown in Fig. 
hackle and saddle 


A. C, and E, breast, hackle, 
srown Leghorn male, the progeny 
and Brown Leghorns. The feathers were t 


18.4 (see pedigree W. B. 512). B. D, and I’, breast 
feathers respectively of a cock-feathered Brown Leghorn male, (B V4 YB 
The two birds trom which these feathers 


Fig. 18B, Pedigree Figure 19). 


were taken were half-brothers. 
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SLE Pipe te x: pl j er 
HEN-FEATHERED LEGHORNS PRODUCED BY BREEDING 
Figure 17 


I 


A—H. F. @ 815, ex H. F. ¢@ 232 9224; B—H. F. g 6/7 (see pedigree, Figure 19); 
C—@ 4273, ex H. F. @ 8152? 799 (comp re with foundation females 1440-43, Figure 
13); D—H. F. 6 71, ex H. F. ¢ 817*@ 810 (see pedigree of 4493, Figure 19); E—Q 
4537, ex H. F. @ 817K QQ = &11 (compare with Figure 13); /—H. F. ¢ W. B. 533) see 
pedigree, Figure 19). 
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SEGREGATES IN RECENT 
GENERATIONS 
ire 19): Figure 18 
Figure .l—Hen-feathered male W. B. 512; B— 
E—9Q Cock-feathered male W. B. 2277; C—W. B. 
533) see 2978, a full sister of W. B. 2277. Pedigrees 
ct these birds are given in Figure 19. W. B. 


512 is a half-brother of the other two, with 
many other lines of relationship through the 
closely related mothers. 





The results of the various mating’s 
have been given in rather complete 
detail in Table I in order to provide 
a ready means of testing factorial 
theories involving the inheritance ot 
hen-feathering. The pedigrees of a 
sufficient number of birds are given 
in Figure 19 so that the pedigree 
of practically every bird shown = in 
Table I can be traced. The photo- 
graphs shown in Figure 13 are those 
of the original foundation stock and 
those shown in Figures 14, 15, 17, 
and 18 are those of birds used in 
subsequent matings. 

Particular attention is directed to the 
birds illustrated in Figure 15, G-J. 
These four birds are all out of the 
cock-teathered (purebred Brown Leg- 
horn), male No. 33. The two birds 
illustrated in Figure 15, G and H are 
full brothers, being out of purebred 
3rown Leghorn female No. 572. The 
difference between these full brothers 
is due to the development of hen- 
feathering in one of them as the re- 


sult of thyroid feeding. Figure 15 / 
shows a cock-feathered male out of 


female No. 1443. 

The males shown in Figures 17 
A, B, D, F and 18 A illustrate the 
extent to which the hen-feathering char- 
acter has been developed in the males 
produced from the later matings. In al! 
cases the hackles approach the pure- 
bred Brown Leghorn female neck 
feathers in color and structure. The 
backs are brown in color and _ stip- 
pled; the amount of stippling, how- 
ever, varies in different males. The 
saddle feathers of every bird are 
shortened and rounded at the ends as 
compared with cock-feathered saddle 
feathers of the purebred Brown Leg- 
horn male. The breasts are salmon 
colored, although in some cases black 
feathers are also present. The body 
and fluff feathers are for the most part 
brown in color. 

The females shown in Figures 17 
and 18 illustrate the improvement 
that has been made over the females 
in the original stock. The females 


are much improved both in type and 
color, the condition of mottling and 
In many ot 


shafting present in the 
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females in the first three years’ mat- 
ings having been almost completely 
eliminated. 


Exceptional Ratios 

In some respects, the data in Table 
I suggest that from the genetic stand- 
point the condition of hen-feathering 
may be due to a single factor. 

Qn the other hand, an examination 
of some of the individual mating’s 
makes it apparent that the situation 1s 
complicated by exceptions to expected 


results on a single-factor basis. The 
number of progeny secured in most 


of the individual matings, however, 
precludes a critical discussion. Mat- 
ings where relatively large numbers 
of progeny were secured present some 
interesting situations. From the re- 
sults secured in mating No. 950, it 
may be said that female No. 1443 is 
probably heterozygous, since she pro- 
duced 11 cock-feathered and one hen- 
feathered male progeny, when mated 
to a pure Brown Leghorn male. (See 
Figure 15 /.) The expected results are 
one cock-feathered to one hen-feath- 
ered. It is possible. of course, that 
female No. 1443 is homozygous tor 
cock-feathering and that the appar- 
ently hen-feathered male indicated by 
note 3 at the foot of Table I may in 
reality have been a_cock-feathered 
male. The next disproportionate ra- 
tios are to be found in matings la, Ib, 
Ic, and Id. Male No. 232 is obviously 
heterozygous for hen-feathering. Mat- 
ine la gave 2 cock-feathered to 12 
hen-feathered male progeny. In this 
mating female No. 2160 gave 1:3, 
female No. 223, 0:6, and female No. 
228, 1:3. Nos. 216 and 228 may be 
assumed to be heterozygous while No. 
223 is apparently homozygous tor hen- 


feathering. Mating Ib gave 2 cock- 
feathered to 20 hen-feathered hen 


progeny. Female No. 224 gave 0:6, 
No, 230, 0:7, and No. 231, 2:7 and 
may therefore be regarded as being 
homozygous, homozygous, and hetero- 
zygous, respectively. Mating Ic gave 
3. cock-feathered to 12 hen-feathered 
male progeny. Female No. 217 gave 
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1:4, No. 222, 


may all, 


l:1, and 229, 1:7 
theretore, be 


and 
regarded as 


being heterozygous for hen-feather- 
ing. Mating Id gave 12 cock-feath- 
ered to one hen-feathered male 


progeny. Female No. 219 gave 6:1, 
and No. 221, 6:0 and may both be 
regarded as being homozygous for 
cock-feathering, although in each case 
the expected ratios are 1:1. 

In the table the next mating that 
might be considered as having results 
requiring further consideration is No. 
252, 1928. In this case it is obvious 
that except for the 6 cock-feathered 
male progeny, male No. 67 might be 
regarded as being homozygous for 
hen-feathering. Mating No. 252b with 
2 cock-feathered to 15  hen-feathred 
male progeny out of the purebred 
3rown Leghorn No. 883 demonstrates 
that male No. 67 is heterozygous for 
hen-feathering. Matings No. 
with 3:29 and 252e with 1:9 demon- 
strate the same thing. On the other 
hand, it would seem that most of the 
females used in matings No. 252c¢ are 


252c¢ 


homozygous for hen-feathering. An 
examination of the original record 


shows that females Nos. 4228, +427, 
and +4501 each produced one cock- 
feathered male while female No. 4273 
produced all hen-feathered males, the 
ratios being respectively 1:9, 1:8, 1:5. 
and 0:7. Female No. 4273 1s appar- 
ently homozygous for hen-feathering 
while the other three are each hetero- 
zvgous. It is rather curious, however, 
that each of the three heterozygous 
females, especially Nos. 4228 and +427, 
should produce so many more hen- 
feathered than cock-feathered males 
when a 1:3 ratio is expected in each 
case. The same thing could be said 
of female No. +490 used in mating 
No. 252e. 
Conclusions 

It is obvious, therefore, that if, from 
the standpoint) of imbheritanee,  hen- 
feathering is due to a single tactor., 
there must be one or more moditving 
factors that affect the results. 

As a general conclusion it may be 
stated that not only is hen-feathering 
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Jull and Quinn: Hen-Feathered Leghorns 
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TYPICAL PEDIGREES IN BREEDING HEN-FEATHERED LEGHORNS 
Figure 19 


The pedigrees show the high degree of inbreeding that has been practiced in producing 
the hen-feathered brown leghorns. The pedigrees all trace back in many lines to the five 
foundation birds, females W1440-43 and male 8724, and these birds were themselves closely 
related. 





tance of hen-teathering, suggest that 


©) dominant to cock-feathering, as ob- | 
: hen-feathering may be due to a single 


> served by Morgan 2° and Punnett and 





‘ailevy!, but that the results secured factor, with modifying factors in- 
from the standpoint only of the inheri- — volved. 
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Explanation of Table 


In crder that the reader may readily trace the pedigree of any given bird, reterence 
is made to the manner in which a pedigree may be traced. In mating No. 252 in 1928, 
‘or instance, it is observed that male No. 67 was used and his sire was No. 815 and his 
dam was No. 805. Male No. 815 was used in mating No. 152 in 1927. The sire of No. 
8!5 was No. 232 and his dam was No. 224. Male No. 232 was used in mating I in 1926 
and his sire was C79 and his dam was No. 548. lIemale No. 224 was first used in mating 
[b, 1926. and her sire was No. 32, used in mating No. H, 1926, and her dam was 
No. 600 used in mating No. 949a, 1925. Male No. C79 was used in mating No. 930, 1925, 
and was out of sire No. 8724 and dam 1443, two of the foundation birds used in mating 
No. 857. 1924. Female No. 548 was a purebred Brown Leghorn used in mating No. 930, 
1925. Male No. 32 was used in mating No. 949, 1925, his sire being No. 8724 and his dam 
1441. Female No. 600 was used in mating No. 949a, 1925, her sire being No. 8724 and 
her dam No. 1440. out of mating No. 857. Female No. 805 was used in mating No. 152d, 


Br. 
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and her sire was No. 232 and her dam was No. 222, which first appears in mating No. Ie, 
1926. Nos. 217 and 222 were both used in mating No. Ic, 1926, and were out of mating 
No. 930 in 1925, from which it is seen that No. 222 was out of a purebred Brown Leg- 
horn female mated to male No. C79, which was out of male No. 8724 and female No. 1443. 
two of the original foundation stock obtained from Dr. Morgan through Dr. Goodale. 


TABLE 1—The Number of Cock-feathered and Hen-feathered Males Secured in Matings Designed to 
Produce Hen-feathered Brown Leghorns. 
























































Male | His His | Mating Their Their Out of|Number of Males 
Year No. jsire's; dam's! No. Female numbers sire'’s dam's mating|Cock- | Hen- 
No. No, No. No. No, |feath-| feath- 
ered ered 
1440 B8628 | BB937 9) 1 
1924 | 8724 |B9708 |B8860 | 857 1441 B8628 | B8937 0 1 
1442 B9093 | B9121 0 2 
1443 B9093 | B9121 4) 3 
940, 541,542,545 | Purebred Brown 
C79 | 8724 | 1443 | 930 546, 548,550,562 | Leghorns 11 7 
567 
945a | 591,592,595 8724 1443 857 0 5 
ot 67864 1442 945b 581 Purebred Br. Leg. 0 1 
1925 | | 
949a | 598,599,600,601 | 8724 | 1440,1442 857 oO | 7 
32 | 8724 | 1441 602 1443 | 
949b 584 Purebred Br. Leg. 0 2 
; 1440 BS8628 | B8937 1 | 1 
33 |Purebred Bre | 950 1441 B8628 | B8937 0 1 
Leghorn 1443 B9093 | B9121 1d |; (U1 
} 
Ha 209 31 595 945a; O | 1 
135* 32 601 Hb 207 32 601 949a | 0 | 2 
| 260* 32 600 He 213,571,574,585 | Purebred Br. Leg. aan S 
Hd 206 33, 1443 950 oO .|)hCUS 
1926 
Ta 216,223,228 31 | 591,592 945a| 2 (| 12 
Ib 224,230,231 32 | 599,600 949a | 2 20 
232 C79 548 Ic 217,222,229 C79 | 567 950 5 | 12 
Id 219,221 C79 | 542,545 950 |12 | 1 
Te 218 33 | 1440 950 5 | 0 
} 
150a | 810 232 | 222 Ie 1 1 
817 260 207 | 150d | 811 232 | 217 Ic 0 | 0 
| 
any 152a | 224 32 | 600 949a | 0 | 2 
152b | 799,802 232 | 224,231 Ta 5 | 6 
815 232 224 | 152c | 801,806 232 | 219,221 Id 4 |; § 
152a | 804,805 232 | 217,222 Ie 4 ; l 
tT 
250a | 213 Purebred Br. Leg. ) Ss 
250b | Bll 232 , 217 Ic 0 1 
250¢ | 812 232 | 223 Ia 2 4 
250d | 814 260 | 207 Hb 0 2 
70 815 806 | 250e | 4164, 4224 815 | 804 sed | 1 S 
250f | 4165 817 | 213 He 2 3 
250g | 4222 815 | 801 1s2c | 3 1 
' 250h | 4225 815 | 802 1s2b | 0 2 
1928 2501 | 4493 1; 817 | B10 150a | 0 4 
250j | 4537 815 | sll 150b | 0 3 
252a | 801 232 ' 221 Id 0 1 
252d | 883 Purebred Br. Leg. 2 15 
252e | 4228,4273,4427 815 , 799 seb} 3 29 
67 815 805 4501 
2524 | 4221,4488,4495 815 | 806 is2e | 0 7 
252e | 4490 815 | 801 152¢ | 1 ) 
252f | 4498 815 | 805 152d | 0 3 






































“Male No. 135 died March 9, and male No. 260 was placed in the pen on March 10. Dam No. 000 


- —. of female No. 1440, mating No. 857, while dam No. 601 is out of female No. 1443. mating 
No. ° 


aThere were two males intermediate as far as the hen-feathering condition was concerned but due 
to the observaticns of Punnett and Bailey (loc. cit.), Punnett (1923), and Crew (1927) they were classi- 
fied as genetically hen-feathered. 


bThis male has a hackle normal for Brown Leghorn males but the saddle feathers were rounded. 
cThis male was the same as for Note b. 


: . ot . 
ee ee ee ee es srerr ore Ce 

















(i) 
14 


ue 


.: 
.i= 








eo 


a Sete 


al it 


ee eee ead 


The Effect of a Single Gene Upon Development in the Heterozygote 
in Sorghum 
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Texas 


KCESSIV IE characters = compris- 

ing the group responsible for the 

various chlorophyll deficiencies 
are among the most common arising 1n 
plants following inbreeding. These re- 
cessive genes may have a completely 
lethal effect on the homozygote, 
as in the case of albinos, or they may 
interfere with the process of photosyn- 
thesis and prevent normal development 
in the plant, as in the case of vires- 
cent, pale green, and various forms of 
striping. 

It is the usual practice to remove 
recessives of this character trom the 
seed stock because of their detrimental 
or lethal effect in the homozygous 
condition and because it has been sup- 
posed that such recessives also have a 
depressive and deleterious effect on the 
heterozygote. This practice has been 
questioned on the grounds that thus 
removing the recessives from the stock 
night also result in the loss of other 
valuable genetic factors with which the 
recessive may be closely linked. The 
problem is of importance from. this 
and other theoretical standpoints and 
also from the more practical view of 
finding out just what influence a lethal 
recessive may have upon the individual 
when it 1s present in the heterozygous 
condition Homozygous recessive chloro- 
phyll deficient plants die as seedlings 
in the most common cases which results 
ina loss of 25 per cent of the plants 
from production. This is probably 
ample justification for their elimination 
from the germ plasm but a measure of 
the effect of albinos and similar lethals, 
when present in a heterozygous condt- 
tion, is also desirable. Several investi- 
gators have studied the problem, but 
since results are not in agreement, the 
subject requires additional study. 


IKCARPER 


elgricultural [cx pertment Station 


Lindstrom’, in studying white seed- 


lings in maize, observed that plants 
heterozygous for the JI” factor were 


shghtly less vigorous than normal green 
plants and that they showed a tendency 
toward producing only a single stalk. 

Mangelsdorf* measured the effects 
of a lethal recessive on height of maize 
plants heterozygous for one defective 
seed factor, heterozygous for two de- 
fective seed factors, and homozygous 
for the normal allelomorphs. The dit- 
ferences in development, as measured 
by height in these three classes of 
plants, were very slight. These differ- 
ences, slight as they were, however, 
were considered significant as the 
normal plants proved to be the tallest, 
those heterozygous for one factor rank- 
ing next, and those heterozygous for 
two factors being the shortest. 

Garber and Rowley” crossed a strain 
of maize homozygous for a defective 
endosperm character with homozygous 
normal plants of the same strain. Seed 
from ears heterozygous for this factor 
and from normal ears were planted 
and the progeny measured for height, 
number of nodes, and yield. In one 
season a difference in height in favor 
of the heterozygous defective 
was significant while in another season 
no significant difference was found. 
No differences were found in number 
of nodes. In spite of the fact that 
development of the heterozygous plants 
was apparently practically normal for 
both height and number of nodes and 
that no difference was noted between 
the two types of plants in the field, 
rather surprising yields, 26 per cent 
and 22 per cent below that of normal 
plants, were recorded in two successive 
seasons for those carrying the defective 
factors in a heterozygous condition. 


plants 
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A soybean variety carrying a homozy- 


gous recessive glabrous factor which 
had a markedly depressing influence 


upon vigor was crossed with a normal 
variety by Wentz and Stewart®. Fs 
plants, homozygous normal and_ those 
heterozvgous for the factor, were com- 
pared on the basis of yield. In 8 out 
ot 17 comparisons the vield difference 
was in favor of the heterozygous plants 
but the average difference, including all 
trials, was slightly but not significantly 
in tavor of the homozygous normal 
plants. 

Wentz and Goodsell‘ compared the 
vields in 19 commercial varieties of 
corn segregating for recessive defects. 
Detects were of seed, seedling and 
imature plant characters, including in 
all ten different recessive types, lethal 
and semi-lethal. The experiment was 
not designed to study the effects of any 
particular recessive in the heterozygous 
condition but rather to show the general 
tendency for varieties with few reces- 
sive characters to be more productive or 
less productive than varieties with many 
recessive characters. No definite rela- 
tion was found, however, between the 
percentage of progenies segregating for 
various defects or the number of de- 
fects and yield of the varieties, a re- 
sult which the authors regard as sur- 
prising. 

This experiment, however, was not 
suthiciently sensitive to permit the dis- 
covery of such small differences as 
mught be due to the recessive genes. 
It is almost certain that the varieties 
used differed to some extent in yielding 
ability, without regard to the number 
of recessives involved, and these natural 
ditferences would tend to obscure to a 
large extent any effect which the reces- 
sive characters might have. However, 
it all varieties were potentially equally 
productive, the difference in yield be- 
tween varieties with the highest per- 
centage of recessives, 132 per cent, and 
the lowest percentage, 82 per cent, 
would still be too slight to be measured 


by the best agronomic field technique 


unless the recessives had a very marked 


ats aden 
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effect in the heterozygous condition. 
lor example, if the recessive genes re- 
duced the yield of the heterozygote by 
an average of 4.2 per cent, as found 
by Mangelsdort”, then the greatest dif- 
ference in yield to be expected in this 
group of 19 varieties would be 2 per 
cent, or on the basis of a 75 bushel 
vield, 1.5 bushels per acre. It is evi- 
dent that this experiment would show 
no relation between yield and number 
of recessives unless the effects of the 
recessives on the heterozygote were 
very marked indeed. 

Mangelsdort®, working with a de- 
fective endosperm character which ap- 
peared in an inbred strain, crossed it 
with another inbred strain and meas- 
ured the effect of the lethal on de- 
velopment of the F, plants. With this 
material, which was identical for all 
characters except defective endosperm, 
it was then possible to obtain a meas- 
ure of the effect of this lethal on the 
heterozygote when all other factors 
were constant. Only slight differences 
in favor of the homozygous normal 
plants were found in height of plant. 
The margin of increased vigor of 
normal plants was very small but con- 
sistent in a series of measurements. 
He concluded that there was a slight 
adverse effect of this lethal upon the 
heterozygote. 

For an accurate study of the problem 
such controlled conditions are abso- 
lutely necessary and this is the only 
instance so far where such material 
was used. The occurrence of a muta- 
tion in a pure line of sorghum has 
now made it possible to conduct a 
similar study on the effect of a single 
gene for albinism with all other factors 
remaining constant. 


Mutation in a Pure Line 


In the course of inbreeding experi- 
ments with sorghum, extending over 
the past 12 vears, a number of chloro- 
phyll deficiences have been found. The 
one used as a basis for this study is 
a factor responsible for white seedlings 
in kafir. Kafir is largely self-fertilized 
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PROGENY TESTS OF MEASURED PLANTS 
Figure 20 


Genotvpe of the individual plants measured was dets ‘rmined from their seedling progenies. 
Rows having white seedlings are from the heterozygous plants. The albino gene is fatal 
when homozygous but the heterozygote attains the same development as the normal green 
plants in sorghum. 


naturally and pure lines are readily mutation giving rise to this chlorophyll 
isolated by a few years of inbreeding.’ deficiency occurred. 

Following seven years of inbreeding The origin of this lethal recessive in 
and pure-line selection in a strain of @ pure strain, presumably homozygous 
Standard Blackhul kafir, one head pro- 10°F all other characters, affords an ex- 
duced albino seedlings, in Line 223. cellent opportunity to study the effects 
Ten head-rows had been grown each Of the lethal upon the heterozygote 
vear from the same mother head in when all other actors are held acne 
this line and white seedlings were found a. Lhe white a . a" and 
in 1923 among the progeny of only the genetic composition of the homo- 
* a .-  zygous normal green and heterozygous 
ee m ngewe? Pat a =, od green plants should be identical with 
each year had always been caretully iis ne tae stekh teh Sev. 
bagged and the appearance of albinos pray. — piel ‘heel 
n a single head-row after seven vears progeny from a segregating head of 
of inbreeding was undoubtedly the re- this strain it is then possible to measure 
sult of a single gene mutation. The the effects of a single lethal gene— 
strain should have been homozygous and of this gene alone—upon develop- 
for all characters at the time the gene ment in the heterozygote. 
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Growing of Material 


Seed from a single bagged head of 
Standard Blackhul kafir No. 223-100, 
heterozygous for albino seedlings, were 
used to grow approximately 400 plants 
in 1928. They were grown at the 
Lubbock Station on land that received 
irrigation water the previous winter so 
that normal plant development would 
be insured even though the raintal! 
might be deficient. Precautions to main- 
tain as uniform conditions as_ possible 
tor all plants were followed. In this 
connection [ am indebted to D. L.. 
Jones for supervising the growing and 
obtaining the first height measurements. 
Of the plants which survived beyond 
the seedling stage, one-third should be 


homozygous normal, /II/’, and = two- 
thirds heterozygous tor the albino 


factor Il’w. These two classes of plants, 
of course, should be = distributed at 
random throughout the area. Growing 
conditions were such as to produce 
well developed plants for this crop. 
Field measurements on height of plant 
were made at 20, 40, 60, 80, and 138 
davs from emergence, the latter mea- 


surement being at maturity. The first 
three measurements were taken trom 
the ground level to the tip of the 


highest leaf, the fourth to the tip of 
the upper leaf sheath or boot, and the 
last to the tip end of the panicle. Num- 
her of days to full boot were recorded 
when the first pin-hole opening showed 
in the upper leat sheath enclosing the 
panicle and first bloom was considered 
to be the date when 


the anthers pro- 
truded from the first spikelet. Weight 
of plant and weight of head were 


recorded immediately after the height 
measurements at maturity and represent 
the green weights as the plants were 
taken from the field. Head weight in- 
cludes about + centimeters of — the 
peduncle. 

Seedlings from the 380 plants were 
later grown in the greenhouse for 
identification of the individual plants 
upon which measurements were taken 
(Figure 20). There proved to be 267 
plants heterozygous for the factor for 
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white seedlings and 113 inomozygous 
for the normal green allelomorph. The 


data were then grouped accordingly 
for comparison. 
It was not necessary to record the 


actual segregation for albino seedlings 


In connection with this study. How- 
ever, thirty-seven segregating heads 


which were counted produced a_ total 
of 2235 normal green and 736 white 
seedlings, giving a ratio of 3.03: 1, and 
demonstrating the f that only a 


tact 
single gene is involved. 


Comparison of the Two Genotypes 


Height of the two types of plants 
at five successive stages of develop- 
ment are compared in Table I. At 
four of the five periods of measure- 
ment the I/’w plants slightly exceeded 


the TITI” plants in height. The smal! 
differences found are in no instance 


significant when considered in relation 
to their probable errors. The largest 
difference in relation to its probable 
error, 2.2+0.93 cm., was in the mea- 
surement taken at maturity and a 
difference of such magnitude could be 
expected to happen once in ten trials 
due to chance. 

No difference between the plants was 
observed in the field except at maturity 
a number of plants appeared deformed. 
the main head failing to develop prop- 
erly and exsert itself from = the boot. 
This deformity was accompanied by the 
development of several 
on each plant. A record was made 
of these plants. and later when their 
identity was determined by growing 
progeny in the greenhouse, it was found 
that this deformity was distributed at 
random and proportionately among both 
the JV and Il’w plants. These plants 
were discarded. The trouble was prob- 
ably the result of pathological or insect 
damage and undoubtedly in no wav 
related to the recessive studied 
here. 

Another comparison of the develop- 
ment of normal plants and those hetero- 
zygous for the recessive lethal is shown 


in Tables II and III. These 
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gene 
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records also measure productivity of 
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the two types of plants in terms of 
rotal weight of plant and weight of 
head or grain. In both instances the 
weight of the 1” plants is exceeded 
slightly by the Ww plants. Here again, 
however, the difference can hardly be 
considered as significant. 

Vigor of the plants homozygous and 
heterozygous for this factor may fur- 
ther be compared on a basis of the 
number of suckers and side branches 
developed. Number of suckers and side 
branches on plants of the two genotypes 
as recorded at maturity are tabulated 
helow™. 

Considering the number of plants in 
each of the genotypes it will be seen 
that there were 11.6 plants without 
any suckers to every one bearing suck- 
ers in the JI7]I’ class and 5.8 plants 
without anv suckers to every one bear- 
ing suckers among the /I’w class. The 
plants with and without side branches 
were practically the same in both types 
of plants. The fact that the ]/°w plants 
developed proportionately slightly more 
suckers and side branches 1s probably 
due to chance but thev are evidently 
no less vigorous, as judged by this 
criterion, than are the JI TI” plants. 

The number of days required for 
the two types of plants to attain full 


boot and anthesis is shown in Tables 
\ and VI. Plants carrying the lethal 


factor nught reach normal 
stature and weight but require a longer 
period of development if the gene re- 
sponsible for this chlorophyll deficiency 
interfered with normal photosynthesis 
in the heterozygote. The data on these 
two phenomena indicate that there was 
no measurable difference in this respect. 
The presence of a gene which com- 
pletely inhibits development of chloro- 
phyvll in the homozygote seems to have 
no detrimental effect upon development 
and normal functioning of chlorophyll 
_ Number of Suckers and Side Branches. — 


recessive 


Per cent 





. . Plants 
_No. of Suckers with 
Genotype a 0 l 2 3 suckers 
WW 104 7 Zz (0) 8.7 
We 5 5 1 17.1 


228. 3 
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in the heterozygote. WIT and Ww 
plants seem to be equal in their prog- 
ress of development. 

Mangelsdorf,® finding only a slight 
depressing influence on the heterozygote 
carrving a factor for defective en- 
dosperm, with all other factors con- 
stant, stated that probably the many 
factors for white seedlings which affect 
specifically the process of chlorophyll 
development would have an even less 
effect under the same conditions. The 
results of this study, at least, confirm 
his assumption. 

If the recessive chlorophyll genes in 
corn are similar in their effect upon 
the heterozygote to the lethal recessive 
factor for white seedlings in sorghum, 
then no reduction in vield could be 
expected from this specific cause. It 
can not, of course, be concluded that 
other factors responsible for the various 
forms of chlorophyll deficiencies in 
plants would not have a_ deleterious 
effect upon the heterozygote. Similar 
studies with other recessives can only 
determine this point but it does seem 
reasonable to suppose that their influ- 
ence would not be very great. If they 
happen to be linked with other desir- 
able factors, as Lindstrom suggests 
nught easily be the case, their retention 
in the germ plasm might even be 
desirable. However, 1f they have no 
effect in the heterozygous condition, 
there is no reason why they should 


be linked with especially desirable 
factors except as a matter ot chance. 
A majority of the lethal and = semi- 


lethal factors so far found in plants 
are those concerned with chlorophyll 
development. Perhaps the principal ad- 
vantage gained in- eliminating these 
recessives from the seed stock comes 
from getting rid of the homozygous 
recessive seed which are a_ total 
and thus impair the stand. 


loss 


Per cent 











: — ylants 
_ No. of Side_ Branches _ — win side 
() oe ] So 2 7 3 4 - > branches 
63 38 9 (0) l 2 44.3 
138 103 22 3 1 () 48.3 
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fable 1. Height of plant at four successive stages of development and at maturity. 





Genotype 
a. 


Ww 5 20 43 64 


735 


ls Io 2335 3S 8 
minx nae zs = ae 


Height in centimeters at 20 days 








46 N Mean 
KIC acc a 
52 9 1 


Difference .. 


267 | 30.0640. 28 
ese 011+0.44 





| Height in centimeters at 40 days 
SS 63 G6” 6 S”~—CS:C* i‘ SCSCSSCSC 








“Tos 
2 oe aoe oe 14 16 #I 20 ww vv. 3s 


31 


ww 9 8 21 22 


56 59 52 2 7 2 


Difference .. 


267 | 85 .8640.45 
eee 2 9040.61 





| ‘Height in centimeters at 60 days 











“— +e +. . + = = = hh hcS”6hUmS.|hC 


Ww 4 7 7 


1 


2 


Sl 28 58 54 36 £25 5 


Difference «- 


TSE 


267 | 145.15¢0.44 


eee «2440.82 





J Hefght In centimeters at 60 ee 



















































































WW cr or ee oe oe SYS SES EOTT 
Ww 1 0 1 1 8 3S 16 2 2h #4 40 29 SO 23 18 ’ 2 2 |2671161.46%0.68 
Difference celece 2.4721.13 
} Helght In centimeters at 12? days 
157 l62 167 i?2 i? i6e Lov T33 197 202 207 cle a1? 225 
Wa . . = = = = ho S.)|hUSlmhmuh:|h Um! TISHYSESIEOLE . 
Tw 1 0 6 11 31 38 58 54 29 2 9 5 1 1 267) 188.72+0.42 
Difference celece 2.2120.95 
Table 2. Weight in grams of WW and tw plants at maturity. 
_ } Class centers in grams 
Genotype ce Mean 
wipe « 8 @ a »° Oo © 2 .o Ss . @ : : 
vw 4 1 12 25 31 36 46 50 24 22 i121 3 2| 267|807.79% 7.12 
Difference celece 32.29413.98 
Table 5. Weight in grams of heads from WW and fw plants. 
j Class centers in grams 
Genotype . . . . . e ° ° . . « ¥ Mean 
ww 2 16 oe 19 26 16 6 2 TIS SSTSE OZ 
aw 2 2 4 15 44 67 64 47 17 4 1 |267,138.94+1.29 
Difference «je. 5.5542.40 
Table 4. Length in centimeters of neads from ww and ww plants. 
Class centers in centimeters 
Genotype 2 27 26 29 36 St 32 #33 4 n Mean 
a: a Sn a oo ae ae a oD TS YSSO IE 
ww l 0 1 0 0 0 2 2 7 23 34 556 56 46 22 9 6 2 1| 267| 27.60¢0.09 
Difference eceleece e28+0.15 














Table 5. No. of days to full boot in ww and aw plants. 








Class centers in days 


























Genotype, 6& wo wo vw ivwmairwes “= KN Mean 
mis ie 4 6 5 19 14 7 4 86 16 2i oO °° i Ts) 77. l2t0el9 
aw 3 1 1 5 10 15 32 26 32 22 3% 27 12 46 1 2 2} 267|76.90t0.15 
Difference sejece ° 2240. 20 

Table 6. Wo. of days to first bloom in WW and Ww plants. 
! Class centers in days | 
Genotype N Mean 
me 4 3s 6 oO 6 0 a 6 It 8 3 if 3 q TI3|63. 5620.15 

vw 3 1 1 3 614 1 53 26 40 4x40 5 16 23 18 13 9 1 | 267/83.70t0.13 
Difference e.jeee « 2640.20 
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